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ANNOTATION 

The book presents materials of experimental physiological studies 
or the effect of weightlessness on animals and observations of people 
during brief weightlessness (parabolic laboratory-aircraft flights), 
as well as the results of observations during flights of astronauts 
in various flight vehicles. Particular attention is given to 
physiological studies, conducted during the flights of the Vostok, 
Voskhod, Soyuz, Salyut orbital station, as well as of the American 
Gemini and Apollo spacecraft. 

Data are presented on the sensorimotbr reactions in weightless- 
ness, and condition of the cardiovascular, respiratory and other 
syste. ..s of the body. 

Questions of performance capacity of man under weightless 
conditions are examined, an analysis is made of the activities of 
astronauts in perfcrming various operations, an estirate of the 
psychophysiological capabilities of man, in control of a craft and 
its systems in orbit61 flights, is given. 

For the first time, the pathogenesis of the "weightlessness 
syndrome" is examined, from the classical viewpoint of modern 
pathological physiolcgy and, on this basis, methods and means of 
prophylaxis of the unfavorable effects of weightless on the human 
body are discussed. 

The book may be of interest, not only to physicians, biologists 
and engineers working in the field of space medicine, but to persons 
occupied with working out various allied problems. 



FOREWORD 

Weightlessness is one of  t h e  most impor tant  biomedical 
problems i n  t h e  s tudy  of t h e  e f f e c t  of extreme space f l i g h t  f a c t o r s  
on l i v i n g  organisms. 

The f i r s t  domestic book devoted t o  examination of t h i s  problem 
was Mediko-bioloqi-cheskie i s s l edovan iva  v nevesomosti [Biomedical 
S t u d i e s  i n  Weight lessness] ,  which was w r i t t e n  under t h e  guidance 
and wi th  t h e  a c t i v e  p a r t i c i p a t i o n  of  academician V. V. Par in .  It 
was widely acclaimed by t h e  reading pub l i c .  This  encouraged us t o  
g e n e r a l i z e  accumulated d a t a  and t o  w r i t e  what is  e s s e n t i a l l y  a  new 
book. V. V. P a r i n  i n s p i r e d  t h i s  idea .  To o u r  g r e a t  chagr in ,  
however, it b e f e l l  u s  t o  complete our  work on t h i s  book only  a f t e r  
t h e  death  of  V. V. P a r i n ,  who had c o n t r i b u t e d  s o  much t o  t h e  
development of domestic space b io logy and medicine. I n  working on 
t h i s  book, w e  bore  c o n s t a n t l y  i n  mind what t h e  reader  expec t s  from 
a u t h o r s  and made every e f f o r t  f o r  t h e  new book t o  be worthy of 
V. V. P a r i n ' s  respect fu lmemory.  

The p r e s e n t  book inc ludes  a  cons ide rab le  amount o f  d a t a  
ob ta ined  s i n c e  t h e  p u b l i c a t i o n  of piomedical  s t u d i e s  i n  weiqht less-  
ness :  experimental  d a t a  and t h e o r e t i c a l  and synop t i c  s t u d i e s ,  a s  
w e l l  a s  t h e  r e s u l t s  ob ta ined  dur ing  o r b i t a l  f l i g h t s  by a s t r o n a u t s  
on t h e  Vostok, Voskhod and Eoyuz s p a c e c r a f t  znd t h e  Sa lyu t  o r b i t a l  
s t a t i o n .  Also d iscussed i n  t h e  monograph a r e  t h e  b a s i c  biomedical  
f i n d i n g s  of t h e  American Gemini and Apollo s p a c e c r a f t  f l i g h t s .  

The most voluminous m a t e r i a l  is  p resen ted  i n  Chapters  2 ,  3 
and 4 ,  w i th  i n v e s t i g a t i o n  of  ves t ibu losensory ,  vrngetative and 
motor r e a c t i o n s  dur ing  short- term weigh t l e s sness  arid o r b i t a l  f l i g h t ,  
P a r t i c u l a r  a t t e n t i o n  is  pa id  t o  t h e  q u e s t i o n  of  man's work c a p a c i t y  
i n  t h e  we igh t l e s s  cond i t ion ,  t o  a n a l y s i s  of h i s  a c t i v i t y  i n  
performing d i f f e r e n t  t a s k s  and h i s  psychophysiological  r e sources  
i n  c o n t r o l l i n g  h i s  s p a c e c r a f t  and i t s  systems dur ing  o r b i t a l  
f l i g h t s  o f  t h e  Vostok and Soyuz s p a c e c r a f t  and t h e  S a l y u t  o r b i t a l  
s t a t i o n .  Also assayed is t h e  e f f i c i e n c y  of t h e  space performances 
of a v i a t o r s  and a s t r o n a u t s  A. A. Leonov; Y e .  V. Khrunov and 
A. S. Tel i seyev upon emerging i n t o  empty space and upon t r a n s -  
f e r r i n g  frcm one c r a f t  t o  another .  

ili 



Elucidated  f o r a t h e  first t i m e  i s  t h e  pa thogenes is  of t h e  
"weight lessness  syndrome," which is d i scussed  from t h e  c l a s s i c a l  
p o s i t i o n  of  modern p a t l : . ~ l o g i c a l  physiology. A number of  a u t h o r s  
have at tempted t o  p r e s e n t  i n  t h e  form of schema t h e  n~echanisms of 
t h e  we igh t l e s sness  e f f e c t  on l i v i n g  organisms. I n  s i n g l i n g  o u t  t h e  
most prominent l i n k s  i n  t h e  pa thogenet ic  chain  and t h e i r  i n t e r -  
connect ions ,  t h e i r  s p e c i f i c  s i g n i f i c a n c e  and t h e  sequence o f  t h e i r  
i n c l u s i o n  i n  d i f f e r e n t  phases of  f l i g h t ,  d i f f e r e n t  a u t h o r s  have 
d i f f e r e n t  p o i n t s  of view and i d e a s ,  which have i n e v i t a b l e  r eper -  
cuss ions  on t h e  s t r u c t u r e  o f  t h e  proposed schema. They have proved 
t o  be  convenient  f o r  e l u c i d a t i o n  of t h e  d i f f e r e n t  p o s i t i o n s  examined 
i n  Chapter 1. But it is q u i t e  c l e a r  t h a t  it is s t i l l  t o o  e a r l y  t o  
c o n s t r u c t  a  u n i f i e d  pa thogenet ic  schema t h a t  would apply t o  a l l  
cases.  To .cons t ruc t  such a schema, it is necessary  t o  accumulate 
new d a t a  ob ta ined  first of a l l  on p r o t r a c t e d  space  f l i g h t s .  There 
can b e  no doubt t h a t  t h e  mechanism of a c t i o n  and t h e  p h y s i o l o g i c a l  
o f f e c t s  of we igh t l e s sness  observed i n  man d i f f e r  i n  a rider of  
p a r t i c u l a r s  flom t h e e f f e c t s  observed i n  animals ,  s o  t h a t  extrapo- 
l a t i o n  t o  man of t h e  r e s u l t s  ob ta insd  i n  ezperiments  on animals  is 
i n  need of c e r t a i n  c o r r e c t i o n s .  On t h e  b a s i s  of  t h e  pa thogenes is  of 
t h e  ws igh t l e s sness  syndrome, t h e  prophylaxis  of t h e  unfavorable 
e f f e c t  of we igh t l e s sness  on t h e  human organism is  acalyzed:  ways 
and means of  p h y s i c a l  cond i t ion ing ,  t h e  e f f e c t  of drugs ,  t h e  u t i l i -  
z a t i o n  of a r t i f i c i a l  g r a v i t a t i o n ,  e t c .  

W e  hope t h a t  t h e  d a t a  i n  t h i s  book w i l l  b e  of  i n t e r e s t  n o t  on ly  
3 
t 

t o  s p e c i a l i s t s  working i n  the f i e l d  of  space  medicine, b u t  a l s o  t o  
persons dea l ing  wi th  r e l a t e d  problems. 

The e d i t o r s  and a u t h o r s  w i l l  be g r a t e f u l  f o r  any c r i t i c a l  
comments by r e a d e r s  i n t e r e s t e d  i n  improving t h e  book's  s t r u c t u r e  and 
content .  

- -Ed i to r i a l  S t a f f  
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CHAPTER 1 

PHYSIOLOGICAL ASPECTS OF SPACE FLIGHTS 

1. P:~ysiol o g i c a l  Problems of  
Weigittlossness 

The conquest o f  space  i s  connected w i t h  an i n e v i t a b l e  i n c r e a s e c *  
i n  man's s t a y i n g  t i m e s  under e x t r a o r d i n a r y  miss ions  of e x i s t e n c e .  
D i r e c t l y  dependent on t h e  d u r a t i o n  of t h e s e  s t a y i n g  times i s  t h e  
e f f e c t  on t h e  organism of  a l l  space f l i g h t  f a c t o r s ,  f i r s t  and fo re -  
most of which is weigh t l e s sness .  But about  t h e  c o n c r e t e  c h a r a c t e r i s -  
tics of t h i s  dependence l i t t l e  i s  a s  y e t  known. Moreover, one of  t h e  
most urgent  i s s u e s  of a s t r o n a u t i c s  is  t h e  q u e s t i o n  of  how long a man 
can s t a y  i n  space t o  no de t r imen t  of h i s  h e a l t h  and performance 
capac i ty .  

A t  t h e  p r e s e n t  t i m e  we can summarize t h e  d a t a  on t h e  f l i g h t s  of 
Sov ie t  a s t r o n a u t s  on t h e  VosLok, Voskhod and Soyuz s p a c e c r a f t  t h a t  
a r e  shown i n  Table 1, and of  American a s t r o n a u t s  on t h e  Mercury, 
Gemini, Apollo and Skylab s p a c e c r a f t  (see Chapter 7 of t h e  p r e s e n t  8 
book).  These d a t a ,  a s  w e l l  a s  those  ob ta ined  i n  experiments  wi th  
t h e  s imula t ion  of we igh t l e s sness  by means of hypokinesia  i n  t h e  

iz 

h o r i z o n t a l  p o s i t i o n  o r  by means of a  s t a y i n i m m e r s i o n  media, make it 
p o s s i b l e  t o  draw some g e n e r a l  conclus ions  from p h y s i o l o g i c a l  i n v e s t i -  
g a t i o n s  and t o  c h a r t  t h e  course  of  f u t u r e  r esea rch .  

By now it has  been e s t a b l i s h e d  t h a t  w e  can d i s t i n g u i s h  t h r e e  
groups of  people by t h e  n a t u r e  and degree o f  m a n i f e s t a t i o n  of t h e i r  
sensory r e a c t i o n s  t o  we igh t l e s sness .  To t h e  f i r s t  group belong people 
who endure we igh t l e s sness  wi th  no a p p r e c i a b l e  d e t e r i o r a t i o n  of  t h e i r  
genera l  cond i t ion  o r  r educ t ion  of  t h e i r  work c a p a c i t y .  The second 
group c o n s i s t s  of  persons  who dur ing  we igh t l e s sness  g e n e r a l l y  cxper i -  
ence a  s e n s a t i o n  of  f r e e l y  f l o a t i n g  t h e  a i ~ ,  i l l u s i o n s  of thei?: body 
r o t a t i n g  i n  a n  inde te rmina te  p o s i t i o n  and of be ing suspended upside- 
down, genera l  d iscomfor t ,  e t c .  To t h e  t h i r d  group belong ..hose i n  /11 
whom t h e  space analog of motionsickness develops  i n  a  comparat ively 
s h o r t  t ime,  w i t h  s e r i o u s  and prolonged d i s t u r b a n c e s  of performance 
c a p a c i t y  and wi th  v e g e t a t i v e  changes. 

Contradic tory  d a t a  a r e  encountered i n  t h e  l i t e r a t u r e  about  t h e  
d i s t r i b u t i o n  of  examinees i n  terms of  t h e  s e r i o u s n e s s  of t h e i r  
sensory d i s t u r b a n c e s  (Ye. M. Yuganov, e t  a l . ,  1961; L. A.  Kitayev- 
Smyk, 1964, e t c . ) .  A s  is w e l l  known, G. S. T i t o v  and V .  V. Tereshkova 
i n  f l i 2 h t  developed a space analog of motionsickness (V. V. P a r i n  
e t  a l . ,  1964; V. I. Kopanev, 1964, e tc . ) .  I l l u s i o n a l  e f f e c t s  were 

* Numbers i n  the margin i n d i c a t e  pag ina t ion  i n  t h e  fo re ign  t e x t .  
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experienced by B. B. Yegorov and K. P. Feoktistov (B. B. YegoxOv, 
1964; P. V. Vasil'ev, Yu. M. Vclynkin, 1964), as well as by F. Borman 
and D. Love11 (~erry, 1966). Apparently weightlessness is conducive 
to the development of motionsickness. This condition was especially 
striking in the second Skylab crew. For the first few days of the 
flight, all three astronauts (A. Bean, D. Lousma and 0. Garriott) 
experienced vertigo and nausea, and D. Lousma even had three vomiting 
spells. At first the astronautsrefrained from food and partook only 
of juices inasmuch as immediately after eating, these symptoms 
intensified. After a few days aboard the orbital station, these 
effects disappeared. It is still difficult to explain the nature of 
these manisfestations of discomfort, but many American specialists 
feel that this sickly condition of the zstronauts was the result of 
certain changes of their position inside this station with sharp 
head movements. To <iscover the nature of the vestibulovegetative 
disorders, it is important to establisn accurately the functional 
connection between the vestibularapparatus itself and its vegetative 
components, which have not yet been definitively studied down to 
the present time. 

An important part in the genesis of sensory reactions is played 
by altered afferentation of the vestibul.aI, cutaneous, proprioceptive 
interoceptiveandother analyzers &7. V. Baranovskiy, i;t al., 1962; 
I. D. Pestov, 1965; R. A. Vartbaronov, 1965; Brown, 1961), as well 
as by typological peculiarities of higher nervous activity, too. 

Very pronounced are the individual differences in subjective 
sensatic~s and behavioral reactions reflecting changes in man's 
condition under the action of prolonged weightlessness. TLis has 
raised the problem of working out adequate r,ethods of so selecting 
astronauts as to reduce the likelihood of unfavorable reactions 
under prolonged flight conditions. 

The important fact has been established that with con6itioning1 
most persons of the second group became adapted to the weightless 
condition (L. A. Kitayev-Srnyk, 1964; I. I. Kas'yan, et al., '-965, 
etc.). It became necessary to study the fundamental natural Laws 
in conformity with which adaptation develops, optimum conditioning 
conditions, the potentialities& 1,- mul la ti on and the conditions 
under which it arises, the effect of weightlessness on the state of 
highernervous activity and of physical and intellectual efficiency 
(see Chapters 5 and 6 ) .  

A great number of studies under different conditions of repro- 
ducing weishtlegsness (high-speed elevators, parabolic aircraft 
flights, suborbital and orbital flights) were devoted to investi- 
gation of its effect. on the sensorimotor function of animals and 
man. In the process it was clearly shown that while serious 
disturbances of the correctness of movements and coordination do not 
take place with open eyes, their accuracy, the time necessary for 
their execution and the muscle strength, especially at the start of 



staying in the weightless condition, did undergo certain deviations 
from their initial values (see Chapter 4). Thus, durinc short 
periods of weightlessness on aircraft flights, L. A. Kitayev-Smyk 

& 
[I9631 established a reduction in firing accuracy, an increase in 
the time required to switch on toggle switches and an increase in 
the number of errors when determining indicator pointers by approxi- 
mately a factor of 3-4 as compared with initial values. 

In analyzing data on motor disorders during weightlessness, 
we must bear in mind that their nature depends on the degree of 
fixation of the pilot or cosmonaut in space (Henry, et al., 1952; 
Clark, et al., 1960; I. I. Kas'yan, et al., 1964). K. E. Tsiolkovskjy 
has pointed out that in the absence of fixation, a man's 
slightest movements (even the act of breathing) can cause involun- 
tary changes in his body's position in space. 

Gradually, new relations between the bodg and space conditions 
&rise andanew motor stereotype is created. Thus, the sensori- 
irt~tor coordination of the astronauts on the Soyuz 9 flight under- 
went some change ~n the first 3-4 days, which was expressed in a 
disproportion of movement. Subsequently, however, the astronauts 
found the necessary accuracy of movements (ye. I. Vorob'ev, et al., 
19701, though the process of orientation in space with closed eyes 
was troubled for the entire period of weightlessness in the case of 
A. G. Nikolayev, as well as V. I. Sevast'yanov (0. G. Gazenko, P. V. 
Vasil'ev, 1970). 

With open eyes, most astronauts experiencedno disturbznces of 
spatial orientation. Thus, during Skylab's 28-day flight, Commander 
C. Conrad noted that with open eyes, they cculd more easily move 
about the station in any direction. 

It has been brought out that the purposefulness of motor acts 
in the weicjhtless. condition depends in many respects on individual 
differences among people. 

It has been established that the motor activity of astronauts 
in flight was not substantially disturbed. They steered their space- 
cra~t, effected itsmanual orientation in space, corrected the auto- 
matic ground position indicator, kept records in the log, 
photographed the earth's surface and the sky, maintained radiotele- 
phone contact with the earth, took psychological and vestibular 
tests and ate regularly p. M. Sisakyan, 1965, etc.). A. A. 
Leonov moved away from and back toward the craft five times in 
space. Analysis of motion picture frames showed that in his first 
steps away from the craft, "twists" of his body took place, but 
his subsequent movements were executed correctly and 
with assurance, which attests not only tc the astronaut's good 
adaptability to the weightless condition, but also to the high 
quality of the motor skills that he mastered under parabolic flight 
conditions (A.  Ivanov, et al., 1968). Finding himself in the 



weightle- condition, A. A. Leonov did not become disoriented in 
space; his movements were quite coordinated. He had no difficulty 
in inspecting the outer surface of the craft, switching on the motion 
picture camera or dismantlingitbefore returning to the craft and 
carried out a visual observation of earth and near-earth space. 
The 90° turns around his body's verticcl axis that was specified 
by the fliffht program, A. A. Leonov gex~e--ally performed quite 
accurately. This was achieved as the result of the skill that he 
had acquired beforehand in controlling his own movement by using 
the moment of force arising incident to tightening of his lead. 
Nor did the American Gemini an? Ap~llo astrcnauts display any serious 
disturbances of spaciai orientaticn cr cccrdi~etion of mnvements 
upon emerging into empty space, thouch the performance of some tasks 
upon emerging into empty space turned out, according to Berry's /13 - 
comunication (19661, to be more difficult than under terrestrial 
conditions. An especially great physical effort was required of 
astronauts D. Lousma and 0. Garriot when they emerged into empty 
space to set up the "canopy" screen. It took the astronauts three 
hours longer to set up the screen than had been scheduled. The 
astronauts encountered great difficulties in assembling the boom, 
as well as in fastening the panel to its special frame. 

1 3 

It will be obvious that movement in the weightless conditioa 
will on the whole require considerably less effort than on earth. 
Movements which are executed easily and frequently recall swimming 

-, > r 
motions. But in connection with this characteristic of movement in r 
the weightless condition, it is necessary to acquire new skills and 
to master new biomedical principles, the working out of which must 
be entrusted to the competent specialists. As Berry [I9711 points 
01-t, the ability to move about freely and to displace objects at no 
great energy cost from one end of the spacecraft cabin to the other < 
~ u s t  be taken into account in solving general problems of habita- 
bility, especially on prolonged flights. 

Vision under space flight conditions was good. Specially 
displayed terrestrial targets and signals were identified accurately 
enough. 

It follows from the foregoing that when astronauts are adequately 
secured,they will be able to perform simple tasks with no particular 
difficulty. Of course, with increasing complexity of the task, 
sericus difficulties requiring special procedures, skills and ir.- 
strumenta may be encountered. 

Also of great significance in the organism's reactions is the 
level of the working setting. Th. dominant idea behind the task is 
an important normalizing factor -- at least under certain conditions. 
But physical stress during weightlessness differs appreciably from 
what it is under terrestrial conditions. 

As new data are accumulated, we shall come up against new 
problems. Cne of the most interesting of these problems will 
undoubtedly involve the efficiency of man's performance on space 
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flights (see Chapter 6). 

Of course, the level of the astronaut's activity will be 
determined to a considerable extent not only by the kind and degree 
of impairment of sensorimotor functions, but also by the organism's 
vegetative reactions. In studying the vegetative functions, attention 
has been paid for the most part to the cardiovascular and respiratory 
systems (see Chapter 3). The results of these studies have appeareg 
in numerous publications here (0. G. Gazenko, 1962; I. I. Kas'yan, 
1962; V. V. Parin, et al., 1964; N. M. Sisakyan, V. I. Yazdovskiy, 
1963, 1964; I. T .  Kastyan, et al., 1965~ I. I. Kas'yan, V. I. 
Kopanev, 19651, as well as abroad (Lawton, 1962; Dietlein, 1969; 
Berry, 1971, etc.). 

The change in gravitation on space flights can lead to de- 
conditi~iling of those mechanisms which, under terrestrial conditions, 
counteract the effect of the force of gravity on the hemodynamics 
when the body is in a vertical position. If we regard the constant 
strain on these mechanisms as the norm so far as man spends two- 
thirds of his time in an upright position, we should expect pro- 
longed weightlessness to be accompanied by specific active processes 
of functional reorganization of the cardiovascular and other systems. I 

The cessation of hydrostatic blood pressure against the walls 
of the blood vessels leads to redistribution of the blood. This S 

redistribution of the blood and increase in the volume of blood in /14 f 
the venae cavae, pulmonary heart, vessels of the pulmonary circulation 
system and left atrium can cause serious disturbances of the usually 
well-balanced interaction of cardiac and vascular reflexes. In 
particular, when the venae cavae are engorged, a considerable increase 
in the reflex component of the Bainbridge reflex may occur in the 
overall complex of reflex and afferent effects of the vascular syster. 
Of very great significance can be a certain change in the classical 
reflex of the sinocarotid zones.. due to the unusual, lon chanc ~d 
effect or redistribution of the blood in the upper half orthe body. 
The relative decrease in pulse rate and slight drop in arterial 
blood pressure observed in almost all astronauts in the first few 
hours of experiencing weightlessness compel us to ponder this 
reflex mechanism, too. It is interesting to note that during the 
Soyuz 4 and Soyuz 9 flights, the astronauts felt a rush of blood to 
their heads similar to that experienced by a man in an upside-down 
position (ye. I. Vorob'ev, et al., 1969, 1970). In the weightless 
condition, moreover, it is obvious that additional stimulation of 
the volumorecept.ors may also occur, leading to an increase in 
diuresis. Unfortunately, to this day no experimental data are 
available about the localization of these formations in the 
organism. It has been suggested that they are situated in the 
walls of the vessels and arteries, inside the brain, etc. ( A .  G. 
Ginetsinskiy, 1963 1. Engorgement of the atria, depressed production 
of the antidiuretic hormone (Henry-Gauer reflex) and increased 
urination -- all this can lead to disturbance of the water metabo* 
lism and dehydration of the organism, with plasma loss and the 
subsequent decrease in the number of formed elements and, in the 
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final analysis, to a drop in the total volume of circulating blood 
(Gauer, et al., 1965, 1971). The restriction of muscular activity 
that accompanies weightlessness is in turn an extremely impcrtcnt 
factor, with a direct as well as indirect effect on the functional 
state of the cardiovascular system (L. I. Kakurin, 1972; Lank), et 
al., 1964, 65). 

On prolonged flights, -onspecific sieconditioning of the 
cardiovascular system to work loads can also take place as a canse- 
quence of the inevitable restriction of mobility in the confined 
space of spacecraft cabins and a sharp reduction in activity of the 
musculature. It is therefore clear that prolonged weightlessness, 
in combination with hypokinesia, must exert an unfavorable effect 
on the functional resources of the cardiovascular system, reducing 
man's overload endurance and orthostatic tolerance. 

This is confirmed by experiments in which the effect of weight- 
lessness on the cardiovascular system was simulated by means of 
prolonged bed rest (A .  R. Kotovskaya, et al., 1964; Graveline, 1962; 
Miller, 1964, etc.) or water immersion (Graveline, 1962; Vogt, 1965, 
etc.1. These experiments clearly showed a reduction of orthostatic 
tolerance and overload endurance. (A more detailed analysis of the I 

possible mechanisms involved in the unfavorable effect of weightless- 
ness is presented in the first section of Chapter 5 . )  

,S  
The astronauts' subjective impressions of the effect of i! 

accelerations on the descent flight leg generally turned out to be 
more distressing, and the increase in pulse rate more considerable, 
than in the case of centrifuge rotations (P. V. Vasil'ev, A. R. 
Kotcvskaya, 1965, etc.) . 

Domestic, as well as American authors have reported on signs cf 
deterioration cf the state of the cardiovascular system of astronauts 
on the basis of data from functional tests lasting several days after/l5 - 
the flight. These signs are expressed in a more accelerated pulse, 
a drop in blood pressure and dizziness under orthostatic loads 

t 
(N. M. Sisakyan, 1965; Berry, 1966, 1971; Dietlein, 1969). Thus, for 
example, upon taking an active orthostatic test 1.5-2 hours after 
lan,2:~g, A. G. Nikolayev and V. I. Sevast'yanov showed a pronounced 
drop in tolerance. In the standing position, the increase in heart 
rlte attained 50 beats per minute. By palpation, there was little 
filling of the pulse; at inspiration, it could not be detected. 
Korotkov's sounds could not be heard in A. G. Nikolayev in the erect 
posture. In the second minute of orthostasis, the arterial blood 
pressure of V. I. Sevast'yanov was 120/100 nun Hg, and subsequently 
no sounds were heard. In performing passive orthostatic tasks 
begicalng with the second day after the flight, disturbances were 
noted in a number of hemodynamic indices (pulse rate, arterial blood 
pressure, stroke volume, volumetric rate, etc.) and the respiratory 
function. The reaction to an orthostatic load was normalized only 
10 days after landing (V. V. Kalinichenko, et al., 1970). 



It is obvious that one of the mechanisms involved in reduced 
tolerance to orthostatic loads must consist in deconditioning of 
the vessels and muscles of the lower extremities. As a matter of 
fact, plethysmographic measurements of the legs conducted during 
tilt table studies after the Gemini flights pointed to an increase 
in engorgement of the extremities by from 12 to 82% of preflight 
values. True, no such changes were recorded incident to the Apollo 
flights. At the same time, I. D. Pestov (1968) established ple- 
thysmographically that under the effect of 70 days of bed rest, the 
vessels of the lower extremities become relatively rigid and lose 
some of their distensibility and contractility. This the author 
regards as a biol~gically justified reaction on the part of the 
organismi aimed at increasing its resistance to orthostatic effects. 
The mechanism involved in the organism's increased adaptibility to 
the effect of increased gravitation along the longitudinal axis of 
the body after bed rest and space flights has not been fully dis- 
closed and is in need of further study. It is especially important 
to elucidate the role and significance of disturbances in the neuro- 
humoral regulatory system and changes in the blood composition and 
t onu s of the smooth and striated musculature. 

The most characteristic feature of the reaction of the cardio- 
vascular s:;stem in the first week of flight is considerable fluctua- I 

tion in the pulse rake within physiological limits. The fluctua- 
tion in the R-R intervals are most pronounced in the first 4 clays 
of flight, and then they gradually decrease. The EXG and seismo- :S 
cardiogram indices correspond on average to the pulse rate and f 
attest to the absence of pathologic disturbances of cardiac activity. r 

As has repeatedly been noted earlier, restoration of the rate 
of cardiac contractions after the overloading represented by putting 
a spacecraft into orbit, occurs in the weightless condition 2-3 
times more slowly than after analogous accelerations by centrifuge 
rotation under terrestrial conditions. 

Thus, in analyzing the indices of cardiac activity, the most 
distinct and unusual changes come to light in the regulation of 
cardiac rhytii, the observed changes being connected with the time 
structure of the respiratory cycle. These facts give grounds to 
suppose that during weightlessness, the central apparatus that 
regulatesthe vegetative functions develop lability, with pre- 
dominance of now adrenergic systems, now cholinergic systems. /I6 
According to Berry (1966), in the second week of flight the regu- - 
latory mechanisms of the hemodynamics undergo a considerable 
adaptation to the weightless condition. The author comes to the 
daring conclusion that the effect of weightlessness on the cardio- 
vascular system cannot be the limiting factor on future prolonged 
flights. In our opinion, even after the successful flight of the 
Skylab crew, there are insufficient grounds for drawing a definitive 
conclusion about this question. Thus, it is well known that after 
18 days of flight A. G. Nikolayev and V. I. Sevast'yanov showed 
pronounced disturbances involving regulaticn of the hemodynamics 
and of the motor sphere, which hampered the astronauts8 activities. 



In them, a complete restoration of physiological functions set in 
only on the 10-12th day after the flight (Ye. I. Vorob'ev, 1970; 
0. G. Gazenko, P. V. Vasil'ev, 1970). 

It should be noted that while we have some idea about the 
respiratory rate and rh?thm, as well as the structure of the 
respiratory cycle, we possess very few data about the intensity of 
the respiratory metabolism and the level of energy consumption under 
different conditions of activity during weigktlessness, and those 
data we do have are in need of more careful study. 

In the weightless condition, certain types of activity that 
are connected with overcoming the force of gravity must be 
accompanied by reduced energy costs and decreased oxygen con- 
sumption. Types of work that are aimed at supporting the body, 
moving the hands and feet, moving the thorax and diaphragm -- i.e., 
all types of human muscular activity including a component of 
overcoming terrestrial gravity, are much less important. There 
arises the need for accurate determination of energy costs in the 
weightless condition and reconsideration of very many calculations 
of energy losses that have already been established for organisms. 
In connection with this, it is necessary to reconsider the calorie 
value of the existing food ration. Conducting a study with a 
simulated decrease in gravity (one-sixth of body weight), A. V. 
Yeremirt et al. (1970). found that the energy costs incident to 
walking at,..a speed of 4-4.5 km/hsur decreased by 24%, and incident 
to running at a speed of 9-9.5 km/hour, by 28%. As can be seen, 
the changes are very considerable and with decreasing gravitation, 
energy costs decrease. On the moon, where gravity amounts to one- 
sixth of that on earth, it is clear that the reduction of energy 
costs may be considerable. The first studies of the respiratory 
metabolism under real space flight conditions were carried out by 
P. I. Belyayev and A. A. Leonov (I. I. Kas'yan, V. I. Kopanev, 1967). 
It turned out that the oxygen consumption of A. A.  Leonov increased 
by 206 ml/min, which is easy to understand in connection with great 
nervous and emotional stress and performance of a nwnber of tasks 
upon emerging into empty space. The oxygen consumption of P. I. 
Belyayev decreased by 72 ml/min as compared with initial preflight 
values. Subsequently, the respiratory metabolism was investigated 
in three other astronauts. Here, too, ambiguous changes were noted. 
A. G. Nikolayev and Ye. V, Khruncv showed some increase in oxygen 
consumption for the same load, while G. S. Shonin showed some decrease. 
The impression is created that with increasing flight length, 
decreasing nervous and emotional stress and adaptation of the 
organism to the weightless condition, the metabolic processes may 
become stabilized at a lower level. Thus, for example, the energy 
costs of astronaut V. N. Volkov during the flight of the Salyut 
orbital station amounted on the fifth day to 2.49 kcal/min, and on 
the 18-21st day, it dropped 2.16 and 2.23 kcal/min, respectively 
(as against an initial value of 2.35 kca1hi.n). 

It is convincingly shown by domestic (Ye. I. Vorob'ev, et al.,/l7 - 
1970; I. S. Balakhovskiy, et al., 1971, etc.) and foreign (Gauer, 



1971; Berry, 1971, e t c . )  a u t h o r s  t h a t  a f t e r  t h e i r  f l i g h t s ,  almost 
a l l  a s t r o n a u t s  showed t o  one e x t e n t  o r  ano the r  pronounced s i g n s  of  
d i s tu rbance  of  t h e  w a t e r - s a l t  equ i l ib r ium and of d i f f e r e n t  t y p e s  of 
metabolism. Thus, a  r educ t ion  of muscular activityandgravitational 
load  on t h e  bony appara tus  causes  s e r i o u s  changes i n  thk bone 
metabolism: t h e  p r o t e i n  bone m a t r i x  becomes damaged, t h e  os teoclc ls t  
func t ion  is  reduced and calcium is washed ou t .  Th i s  d e s t r u c t i v e  
p rocess  i n  t h e  bones i s  p a t e n t l y  p rogress ive .  J u s t  how f a r  it w i l l  
go i s  unknown. 

Ast ronauts  F. Borman and D. Love11 a f t e r  14 days of f l i g h t ,  
as well as t h e  crew members of Apollos '7and 8,  showed an i n c r e a s e  i n  
calcium e x c r e t i o n  wi th  t h e  u r ine .  ~ e n s i t o m e t r i c  studies brought 
o u t  a  l o s s  of bony mass o f  t h e  h e e l  bone and t e r m i n a l  phalanx ef 
t h e  f i f t h  f i n g e r  of t h e  l e f t  hand because of  calcium removal 
 err^, 1966, 1969) . S i m i l a r  r e s u l t s  were ob ta ined  i n  animals  
a f t e r  t h e  22-day Kossos-110 f l i g h t ,  i n  s t u d i e s  w i t h  70- and 100- 
day hypokinesia  i n  people (I.  G. Krasnykh, 1969) and i n  A. G. 
Nikolayev and V. I. Sevas t ryanov on t h e i r  f l i g h k  (Ye. N. Biryukov, 
I. G. Kxasnykh, 1970).  On t h e  o t h e r  hand, a f t e r  t h e  i ipol lo  1 4  
f l i g h t ,  when t h e  monoenergetic l i g h t  absorp t ion  methqd was employed 
t o  determine calcium c o n t e n t  i n  t h e  bones, no a p p r e c i a b l e  bone 
impoverishment was d e t e c t e d .  These c o n t r a d i c t o r y  d a t a  p o i n t  t o  t h e  
need f o r  more c a r e f u l  s tudy  of  t h i s  important  ques t ion .  

I n  t h e  p o s t f l i g h t  p e r i o d ,  t h e  l o s s  of body weight  a t t r a c t s  our  
a t t e n t i o n ;  i n  some c a s e s ,  hemoconcentration i s  noted ,  and a s h a r p  
drop i n  t h e  e x c r e t i o n  of c h l o r i n e  and sodium wi th  u r i n e ;  i n  some 
a s t r o n a u t s ,  t h e  urea  c o n t e n t  i n  t h e  blood was high (I. S. 
Balakhovskiy, e t  a l . ,  1971).  Regarding t h e  catecholamine and 17-oxy- 
c o r t i c o s t e r o i d  conten:, t h e  d a t a  a r e  c o n t r a d i c t o r y .  I n  connect ion 
w i t h  t h e  important  r o l e  of t h e s e  hormones i n  r e g u l a t i n g  many 
p h y s i o l o g i c a l  p rocesses ,  it is important  t o  pay more a t t e n t i o n  t o  
s tudying t h e i r  c o n t e n t  a t  d i f f e r e n t  s t a g e s  of  space f l i g h t .  

Berry (1971) p r e s e n t s  convincing d a t a  a t t e s t i n g  t o  a consider-  
a b l e  drop i n  t h e  t o t a l  c o n t e n t  of potassium, which p l a y s  an  impor tant  
p a r t  i n  t h e  func t ion  o f  t h e  h e a r t  and is combined w i t h  t h e  i n t r a -  
c e l l u l a r  water ,  i n  t h e  bod ies  of t h e  Apollos 1 3  through 15  
a s t r o n a u t s  ( see  Fig.  129) .  A cons ide rab le  decrease  i n  t h e  potassium 
excre ted  wi th  t h e  u r i n e  i n  t h e  f i r s t  few days a f t e r  f l i g h t  ;s noted 
by I. S. Balakhovskiy, e t  a l .  (1971).  The r e s u l t s  o f  t h e s e  obser-  
v a t i o n s  served a s  t h e  b a s i s  f o r  t h e  zecom.endations t o  i n c r e a s e  
t h e  potassium p r e p a r a t i o n s  in t roduced i n t o  t h e  food of t h e  Apollos 
16 and 17 a s t r o n a u t s  f o r  prophylaxis  of t h e  unfavorable e f f e c t s  of 
we igh t l e s sness ,  i n  p a r t i c u l a r  on t h e  func t ion  of  t h e  cardio-  
v a s c u l a r  system. 

A s  Berry (1971) a s s e r t s ,  about 60-70% of t h e  l o s s  of body 
weight  is  r e s t o r e d  i n  t h e  Tourse of t h e  f i r s t  12-24 houro a f t e r  
r e t u r n  t o  t e r r e s t r i a l  gravj!.ation. This  p o i n t s  t o  t h e  f a c t  t h a t  
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water  l o s s e s  a r e  an impor tant  component i n  t o t a l  weight  d e f i c i t .  
I n t e r e s t i n g  obse rva t ions  were conducted dur ing  t h e  Apollo 14 f l i g h t .  
It was e s t a b l i s h e d  t h a t  t h e  i n t r a c e l l u l a r  f l u i d  c o n s t i t u t e s  t h e  
g r e a t e s t  percentage i n  t h e  water  d e f i c i t .  A d e f i n i t i v e  s o l u t i o n  of 
t h i s  q a e s t i o n  is  n o t  on ly  of g r e a t  t h e o r e t i c a l  i n t e r e s t ,  b u t  i s  
a l s o  ui q e a t  p r a c t i c a l  importance f o r  working o u t  p r o p h y l a c t i c  
measures. 

Our a t t e n t i o n  is a t t r a c t e d  by t h e  r e s u l t s  ob ta ined  by I. S. /18 Balakhovskiy e t  a l .  w i t h  water loads .  They e s t a b l i s h e d  t h a t  i n  t h e  
course  o f  t h e  f i r s t  two weeks a f t e r  h i s  f l i g h t ,  V. M. Komarov showed 
changes i n  e x c r e t i o n  of d r i n k i n g  water, which attests t o  some 
d i s tu rbance  i n  t h e  system t h a t  r e g u l a t e s  t h e  water metabolism. I n  
l a t e r  s t u d i e s ,  t h e s e  r e s u l t s  were f u l l y  confirmed. What is more, 
i n  a d d i t i o n  t o  t h e  e a r l i e r  desc r ibed  slowing down of water  e x c r e t i o n  
a f t e r  i ts i n t a k e ,  t h e  a u t h o r s  noted a  cons ide rab le  i n c r e a s e  i n  e l e c t r o -  
l y t e  and 17-oxycor t i cos te ro id  e x c r e t i o n  (I. S. Balakhovskiy, e t  
a l . ,  1971).  The i n c r e a s e  i n  t h e  urea i n d i c e s  i n  t h e  blood may p u t  
us i n  mind of  i n t e n s i f i c a t i o n  o f  t h e  n i t rogen  metabolism. I n  
most cases ,  t h e s e  r e s u l t s ,  which were ob ta ined  wi th  a s t r o n a u t s  i n  
t h e  p o s t f l i g h t  pe r iod ,  are confirmed by experiments wi th  weight less-  
n e s s  s imula ted  by means of hypokinesia  i n  bed or by means of water  
I r c e r s i o n ,  a s  w e l l  a s  by experiments  on animals (I. V. Fedorov, L. A. 
Grishanina 1967; Vogt, Johnson, 1965).  

The repea ted ly  desc r ibed  r e a c t i o n s  of  t h e  blood t o  t h e  e f f e c t  
of space f l i g h t  f a c t o r s  a t t e s t s  t o  t h e i r  t r a n s i e n t  c h a r a c t e r .  
They are a  n e u t r o p h i l  l eukocy tos i s  and some reduc t ion  i n  t h e  number 
of monocytes and eosinopenia.  A s  V, I Legen'kov, e t  a l .  (1973) 
c o r r e c t l y  po in ted  o u t ,  a  dec rease  i n  number of thromcnocytes and 
hemoglobin con ten t ,  capable  of  progress ing  wi th  i n c r e a s e  i n  f l i g h t  
d u r a t i o n ,  g i v e s  rise t o  a  c e r t a i n  a l e r t n e s s .  

Thus, even a  b r i e f  review of t h e  problem shows t h a t ,  i n  a pro- 
longed space f l i g h t ,  a  number of s i g n i f i c a n t  readjus tments  i n  
f u n c t i o n s  of v a r i o u s  systems of  t h e  body is observed. I n  f l i g h t s  
l a s t i n g  no more than  2 4  hours ,  t h e  changes observed,  a s  a  r u l e ,  were 
compensatory-adjust ing.  However, t h e  p o s s i b i l i t y  might be su r -  
mised from i n d i v i 2 u a l  i n d i c a t o r s ,  of  t h e  p o s s i b i l i t y  of  d i s r u p t i o n  
o f  compensation and development of  p a t h o l o g i c a l  d i s tu rbances ,  
e s p e c i a l l y  i n  t h e  c a s e  o f  inc reased  f u n c t i o n a l  loads ,  a s ,  f o r  
example, i n  r e t u r n i n g  t o  c o n d i t i o n s  of  t e r r e s t r i a l  g r a v i t a t i o n .  
From t h i s  p o i n t  of  view, p a r t i c u l a r  a t t e n t i o n  must be  g ive2 t o  t h e  
func t ion  of t h e  c a r d i o v a s c u l a r  system and t h e  s t a t e  of t h e  ske le -  
tomuscular appara tus  and nervous and hormonal systems. The s t a t e  
of t h e s e  systems i n  f l i g h t s  l a s t i n g  more than  3 weeks must be 
under s p e c i a l  medical c o n t r o l  of t h e  i n v e s t i g a t o r s ,  f o r  t h e  purpose 
of f i n d i n g  o u t  t h e  mechanisms of d i s t u r b a n c e s  i n  f l i g h t  and t h e  
p e c u l i a r i t i e s  of r e a c t i o n s  i n  t h e  p o s t f l i g h t . p e r i o d .  There is  no 
doubt t h a t ,  i n  subsequent development, a  number o f  o t h e r  q u e s t i o n s  
a r e  r equ i red ,  s i n c e  knowledge of t h e  pa thogenes is  of d i s t u r b a n c e s  
caused by hypokinesia  and we igh t l e s sness  r e s u l t s  i n  more r a p i d l y  



finding effective means of preserving high efficiency on prolonged 
space flights and cf preventing the unfavorable aftereffects of 
these flights. 

At the present time, on the basis of the mechanisms of dis- 
orders studied, a series of means and methods of increasing the 
resistance of the body to the effects of weightlessness have been 
proposed, which are examined in Chapter 5. 

2. Reactions of Astronauts under 
Weightless Conditions ~ 7 5  2 3 1 h 8  

We have attempted to analyze a series of physiological reactions 
of astronauts, which have occurred under conditions of brief 
(familiarization flights along a Kepler parabola in an aircraft) 
and prolonged weightlessness (flights in Vostok, Voskhod and Soyuz 
type spacecraft and the Salyut orbital station). 

Some Reactions of Astronauts During 
Brief Weightlessness 

Brief weightlessness has been reproduced during flight of an /19 
aircraft along a Kepler parabolic trajectory. The duration of the 
state of weightlessness was 35 25 sec. In each flight, the astro- 
nauts un,derwent from 3 to 6 periods of weightlessness i'humpsl1 ) . 
During a flight, the astronauts were either immobilized in the 
working seat with restraining straps or were in the free state. 

The biocurre2ts of the heart muscles (electrocardiogram), blood 
pressure and pulse and respiration rates were recorded in flight. 
Besides, coordination of movement was studied, by means of "writing 
tests1' and work on a special coordinograph. 

The state of health of the astronauts under weightless condi- - /20 
tions did not change signifjsantly, and there were no symptoms of 
spatial disorientation. In the words of P. R. Popovich, "During 
the transition to the state of weightlessness, the feelings were 
different. The body lost its weight, an unusual lightness in move- 
mentwas felt . . The state of well-being under weightless condi- 
tions was outstanding . . . . We oriented ourselves normally in the 
cabin and in space." Approximately the same thing has been noted 
by other astronauts. They all were tense and agitated during the 
first llhumps," but, under the repeated effects of weightlessness, 
they became more peaceful. 

The accuracy of execution of coordinated movements depended 
greatly on immobilization of the astronauts. If they were immobi- 
izeil in the work place, they executed the "writing test" and 
assignments on the coordinograph without particular difficulties 
(Table 2). Under conditions of weightlessness, as on earth, the 



TABLE 2 

SOME DATA ON ..OTOR ACTIVITY OF ASTRONAUTS DURING 
FLIGHT ALONG A KEPLER PARABOLA (average f i gu re s  
and maximum deviat ions)  

• Astronaut 

Yu. A. Gagarin 

G. S. T i tov  

A. G. Nikolayev 

P. R. Popovich 

V. F. Bykovskiy 

V. M. Komarov 

'* I*  

A. A. Leonov 

B. V. Volynov 

V. V. Gorbatko 

G. S. Shonin 

Y e .  V. Khrunov 

Tota l  t i m e  of Duration of con- 
execution of tack of "penc i l "  

ordinograph 

I 
program on co- with coordino- 

graph contac t ,  

On 
E a r t h  

5.70 ---- 
4.8-5.96 

6.0 

5.88-6.12 

7. I 8  -- 
7.0-7.36 

9.32 

8.16-10.48 

3.16 --- 
3.04-3 28 

5.65 - 
5.52-5.76 

4 -8  

z-4.88 
4.08 ---- 

3.56-4.30 

6.39 
5.80--7.36 

5.42 

4.90 
1 ..52 - 4 . 2 0  

4.73 

4.58-4.88 

In 
weight- 
lessness 

5.85 -- 
5.32-6.78 

5.82 

4.52-5.88 

6.83 ---- 
6.3-7.32 

9.05 
8.32-9.78 

3.83 

3.52-4.14 
5.72 

5 60-5.84 

4.29 

4.08-4.50 

5.16 

4.44-5.92 
7.81 . - .  

5.76--10.04 

-- s.7fi 

5.2R-6.48 

5.27 -- -- 
4.94-fi 24 

5.29 

4.88-5.96 

sec 

On 
Earth 

0.36 

0.40 

0.40 

0.8.5 

0.18 

0.41 

0 56 

0.2.; 

0.4,i 

0.43 

0.38 

0.26 

In 
Weight- 
lessness 

0.37 

0.38 

0.38 

0.81; 

0.21 

0.38 

0 31 

0.36 

0.54 

0.  :3rs 

0.39 

0.21 



a s t r o n a u t s  worked rhythmically. The d i f f e r e n c e s  i n  time i n d i c a t o r s  
were i n s i g n i f i c a n t .  I t  was determined by v i s u a l  mon i to r ing  t h a t  
movements of  t h e  a a t r o n a u t s  were c o o r d i n a t e d ,  smooth and q u i t e  
d i s t i n c t .  The same was r e v e a l e d  i n  a n a l y s i s  o f  t h e  movements, which 
t h e  a s t r o n a u t s  performed under  w e i g h t l e s s  c o n d i t i o n s ,  i n  e a t i n g  and 
d r ink ing :  removal from t h e  pocket  o f  t u b e s  w i t h  w a t e r ,  food p a c k e t s ,  
opening them and e a t i n g .  The tests showed t h a t  a s t r o n a u t s  success-  
f u l l y  a te  f o o d s t u f f s  i n  v a r i o u s  forms -- l i q u i d ,  s e m i l i q u i d  and 
s o l i d .  The e x a c t  o p p o s i t e  was no ted  d u r i n g  t h e i r  f r e e  movement i n  
t h e  s p a c e c r a f t  cab in .  The a s t r o n a u t s  c o u l d  n o t  perform t h e  " w r i t i n g  
tes t ,"  s i n c e  t h e  movement o f  t h e  e x t r e m i t i e ~  ~ a i i ~ e d  d isp lacement  o f  
t h e  e n t i r e  body i n  space .  However, expe r i ence  shiz;~ed i n  t h i s  c a s e ,  
t h a t ,  under  t h e  r e p e a t e d  e f f e c t  o f  w e i g h t l e s s n e s e ,  t h e  a s t r o c a u t s  
worked o u t  t h e  s k i l l s ,  which p e r m i t t e d  them t o  rf!tsLn some s t a b i l i t y .  

TABLE 3 

RESULTS OF HAND DYNAMETRY OF ASTRONAUTS :;ilograrns) 
BEFORE PND DURING "FREE FLOATING" UNDER WEIGHT- 
LESS CONDITIONS 

The muscular  s t r e n g t h  o f  t h e  hands was e v a l u a t e d  by means of a 
dynamometer. The r e s u l t s  o f  t h e  i n v e s t i g a t i o n  a r e   resented i n  
Tab le  3, from which it is e v i d e n t  t h a t  t h e  maximum muscular  f o r c e  
dec reased  cons ide rab ly  i n  w e i g h t l e s s n e s s :  by 6-12 kg f o r  t h e  r i g h t  
hand and 4-12 kg f o r  t h e  l e f t .  I n  a l l  l i k e l i h o o d ,  one o f  t h e  c a u s e s  
o f  t h e  d e c r e a s e  i n  muscle s t r e n g t h  i s  a  r e d u c t i o n  i n  t o n i c  stress on 
t h e  s k e l e t a l  musculature .  

As t ronau t  

A. G. Nikolayev 
P. R. Popovich 
V. F. Bykovskiy 
V. M. Komarov 
A. A. ~ e o n o v  
B. V. Volynov 
Y e .  V. Khrunov 

A s  was p o i ~ ~ t e d  o u t  above, c e r t a i n  p h y s i o l o g i c a l  i n d i c a t o r s  were 
reco rded  d u r i n g  t h e  f l i g h t .  P u l s e  r a t e  d a t a  are p r e s e n t e d  i n  Table  
4. Before f l i g h t ,  i n  t h e  i n i t i a l  c o n d i t i o n ,  t h e  p u l s e  r a t e  o f  t h e  
a s t r o n a u t s  was 60-84 b e a t s  p e r  minute.  I n  h o r i z o n t a l  f l i g h t ,  i n  t h e  
m a j o r i t y  of  t h e  a s t r o n a u t s ,  t h e  p u l s e  speeded up by 6-36 b e a t s ,  which 
a p p a r a n t i y  was caused by neuroemotional  stress. I n d i v i d u a l  '2 1 

L, s i n g u l a r i t i e s  were d i s t i n c t l y  r e v e a l e d  i n  t h e  r e a c t i o n s  o f  t h e  a s t r o -  
nau t s .  Thus, t h e  p u l s e  o f  P. R. Popovich i n c r e a s e d  c o n s i d e r a b l y  
(by 26-34%), of  G. S. T i t o v  (by 20.8%) and of V. V.  Tereshkova (by 
1 6 . 6 % ) ,  and it d i d  n o t  change i n  V. F. Bykovskiy, A. A .  Leonov o r  
V. V. Gorbatko. Under w e i g h t l e s s  cor id i t ions ,  t h e  f requency  o f  

17 

Right  Hand 

Hori- 
z o n t a l -  
F l i q k i  

5 6 
5 4 
58 
68 
74 

, -. 

L e f t  Hand 

Hori- 
z o n t a l  
F l i g h t  

54 

90 70 76 72 76 
48 1 46 1 -- 1 -- I 48 

Humps r 

72 70 

1st 

54 
48 
48 
66 
70 

2 - 

- Hw"Ps 
1st 

52 

2nd 

52 
50 
46 
64 
72 

50 1 48 

2nd 

50 
48 
46 
50 
58 

3 r d  

48 
49 
48 
64 
70 

56 
68 
58 

3 rd  

47 
46 
47 
48 
56 

44 
48 
56 



TABLE 4 

CHANGE IN PULSE RATE (beats per minute) OF ASTRO- 
NAUTS DURING FAMILIARIZATION FLIGHTS ALONG 
WEIGHTLESSNESS PARABOLA 

Astronaut 

Yu.A. Gagarin 

G. S. Titov 

A. G. Nikolayev 

P. R. Popovich 

V. F. 
Bykovskiy 

v. v. 
Tereshkova 

V. M. Komarov 

K. P. 
Feoktistov 

B. B. Yegorov 

P. I. Belyayev 

A. A. Leonov 

A. V. 
Filipchenko 

V. V. Gorbatko 

62 1st 
2nd 68 fir; 60 ti0 66 7Y 
3rd 72 78 54 GO ii6 70 

77 1st 93 72 66 
2nd 
3rd 84 

70 1st 
2nd 
3rd 

70 1st 
2nd 

rb? 

72 

60 

68 

i2 

84 

66 

60 

76 

1 

3rd 
1st 
2nd 
3rd 
1st 
2nd 
3rd 
1st 
2nd 
3rd 
1st 

5rg 
3:Ei 
3rd 
1st 
2n 
3r1 
1st 
2nd 
3rd 
1st 
2nd 
3rd 
lst 
2nd 
3rd 

ti6 
ti6 
- 

- 
81 

- 

70 
78 
78 
- 

84 

108 
100 
90 

72 
t i t i  
60 

yfi 
78 
78 

72 
,5.1 
3 
90 

90 

gn 
96 
84 

H1 

69 - 
9ti 72 

66 
(iti 

90 
78 
64 

78 - 

66 
60 
60 

8.1 
!)0 
.'O 

fir; 
66 
54 

78 
w 
615 
- 

84 
-- 

-- 
- -  
- 

72 
t ; ~  
ti0 

- 

- 

Gti 
72 

54 
60 
66 

72 
72 

66 
-- 
. . 

W i  
78 
84 

54 
60 
5.1 
90 

9 0 - - - -  
86 

98 
84 
84 

- - 

Cfi 
60 
54 
GO 
54 
78 
- 

78 1 

-- 

72 
72 
72 

72 
72 
72 
- 

i 2  

- 
- 
- 

- 
- 
- 
- 
- 

i 2  1 7 i  

,"; 
ti0 

90 
84 
78 

I 00 
90 
-- 

(j0 
84 

76 

102 
90 
84 

.- 

- 

- 
- 
- 
- 



cardiac contractions decreased, as a rule, uniformly  fro^ "humpn to 
"hump," in the majority of cazes (see Table 4). In all likelihood,& 
this is explained by the development of adaptation-compensatory 
processes and, to some extent, by a decrease in orienting reactions. 

It should be noted that, in performing with measured physical 
loads (18 tests) under weightless conditions, more pronounced quicken- 
ing of the pulse rate was observed, by 18-26 beats per minute, 
compared with the data obtained during performance under similar 
loads in horizontal flight. 

With change in heart rate, the blood pressure also changed: 
It increased during horizontal flight and decreased during the weight- 
less period, remaining a little above the initial level. A. G. 
Ni)l.,ayev is an exception. His blood pressure dropped even below 
the initial level, during the second and third "humps." 

Under wsightless conditions, together with decrease in heart 
rate, the electrocardiogram becomes normal: The P and T spike 
aniplitudes and lengths of intervals approximated the W t i a l  data. 
The respiration rates of four astronauts were practically unchanged 
during horizontal flight. Respiration speeded up somewhat in four 
astronauts (P. R. Popovich, V. F. Bykovskiy, K. P. Feoktistov and 
B. B. Yegor~v). In the first 10 sec of weightlessness, the number 
of respiratory movements of the majority of the astronauts - /2 3 
increased. Respiratian became shallower. Subsequently, despite .S 
the lasting effect of weightlessness, respiration was curtailed, 
decreasing to the level observed during horizontal flight (Table 5 ) .  s' 

Pulmonary ventilation, vital capacity of the lungs (VCL) and energy 
expenditure under weightless conditions (state of rest) and in 
performing measured workloads in unsupported space increased 
noticeably over the data obtained in horizontal flight (Table 6). 

Data on the sensory, motor and vegetative reactions of the 
astronauts, during the time of action of brief weightlessness on them, 
coincide, to a certain extent, with the results of the studies of 
other authors under the same conditions, with testers participating. 

In this manner, it follows from the test results, that, under 
conditions of brief weightlessness, specjfic functional changes 
were observed in the astronaut, on tbe part of a number of body 
systems, with a tendency towards their r=tam., to the initial 
level. Individual singdarities in the nature 02 the physiological 
reactions of the astronauts were revealed by the degree of expression 
of vegetative changes. 



TABLE 5 

CIIANGE IN RESPIRATION RATE OF ASTRONAUTS DURING FAMILIARI- 
ZATION FLIGHTS ON WEIGHTLESSNESS PARABOLA 

TABLE 6 

CHANGE IN EXTERNAL RESPIRATION INDICATORS AND ENERGY 
CONSUMPTION OF SUBJECTS DURING PERFORMANCE OF 
MEASURED PHYSICAL WORKLOADS (with ED-3 expander) 
IN UNSUPPORTED SPACE 

121 A.stronauts C W ~  

Horizontal flight, M +m I 25.4rk0.9 20.222~0.8 3.941_0.11 
Weightlessness, M +m 2 . 0  1 23.42-ko.8 I 4.8250.16 

- 
Yu. A. Gagarin 

G. S. Titov 

A. G. Nikolayev 

P. R. Popovich 

V. F. 
Bykovskiy 

V. M. Komarov 

K. P. 
Feoktistov 

B. B. Yegorov 

t ori- "Hump'' zontal 
light 

lo 

20 

:4 

16 

18 

14 

14 

16 

- 

1st 
2nd 
3rd 
1st 
2nd 
3rd 
lst 
2nd 
3rd 
lst 
2nd 
3rd 
1st 
2nd 
3rd 
1st 
2 nd 
3rd 
1st 
2nd 
3 rd 
1st 

I 3rd 

Hori- 
zontal 
Flight 

18 
18 
I8 
18 
18 
19 
14 
14 
11 
22 
20 
IH 

I8 
18 
18 
14 
16 
I f i  

18 
18 
I G  
18 

17 
18 
19 
18 
:4 
19 
15 
14 
14 
18 
20 
17 
21 
2.1 
21 
11  
14 
16 
- 
18 
18 
-. 

Weightlessness, 
(duration) , sec 

io I 3 1 XI 1 40 

- 2nd 

15 
15 
24 
15 
16 
30 
21 
15 
13 
18 
24 
18 
91 
24 
27 
I6 
14 
14 
21 
18 
26 

22 - 

15 
18 
24 
15 
18 
18 
18 
18 
15 
2.1 
18 
24 
21 
2-1 
21 
14 
14 
16 

18 
16 
18 
24 - - 

15 
18 
18 
12 
18 
18 
15 
14 
15 
18 
21 

27 
22; 
21 
I6 
14 

1" - - 
- 
18 
24 
- - - 
- 
24 - 
22 
- 
24 
- 
- 

16 1 - 
18 
I8 
16 
24 

- 
- 
- 
- 



Physiological Reactions of Astronauts 
in Prolonged Weightlessness 

A particularly unfavorable factor in orbital flight is weight- 
lessness. Cosmic radiation and other factors have insignificant 
effects, since their physical quantities were small, and they were 
practically the same as the values observed under normal earth 
conditions. 

In evaluation of the physiological reactions to weightlessness, 
it must be taken into account thak the astronauts experienced 
considerable neuroemotional stress. It increased particularly 
distinctly i~ the prelaunch period (Table 7) .  This charact.er of 
the physiological &:lifts is nothing specific for space flight. 
They are observed in parachutists before a jump, in sportsmen before 
a competition, etc. Three types of prestart condition are distinguished 
in the psychology of sports: "combat readiness," "starting fever" 
and "atarting apathy." Analysis of radioconversation, television 
and astronaut activity data results in placing their neuroemotional 
condition in the first category, "combat readiness." It is caused by 
the effect of secondary and primary stimuli (high level of motivation, 
readiness cormands, fitting out, etc.). In the transition from 
increased weight to weightlessness and in the first few seconds of /24 - 
orbital flight, the reactions of people had very marked individual 
sinyularities. Of 25 astroaauts completing orbital flights in X 
various flight vehicles, the state of health and efficiency of 15 was rr' 
not disrupted in flight, 8 noted spatial illusions and the "space /25 ' 

form of seasickness," with marked vegetative shifts and reduction of 
efficiency in flight, developed in two. Thus, for example, P. R. 
Popovich wrote in the log: "In the state of weightlessness, I 
experienced a feeling of hanging in the head down and forward posi- 
tion, which lasted for several minutes. Subsequently, with sharp 
inclination of the trunk, the illusion of counterrotation arose." 
The expression of reactions under weightless conditions depended 
mainly on the individual singul3rities of the body, the nature and 
Level of ground training, and also on the number of flights per- 
formed in a laboratory-airzraft, under conditions of brief weight- 
lessness. 

It also was learned that, in the absence of expressed vestibu- 
lar reactions and discomfort in the weightless state, the astronauts 
of the Soyuz spacecraft and of the Salyut orbital station, noted a 
feeling of "blood rushing to the head," which was most pronounced in 
the first orbits of the flight, and which continued for several hours 
in some cases and for several days in others. During this time, 
hyperemia of the mucous membranes, puffiness of the face, smoothing 
of wrinkles and the like were observed in the crew members. Thus, 
the astronauts wrote in the log: "During the first hours in the 
state of weightlessness, rushing of blood to the head was noted. 
The impression is that I am standing on my headn (V. A. Shatalov). /26 
"Under weightless conditions, I observed the constant feeling of 
blood rushing to the head. This is actually so, if you please, 
because our faces have a somewhat 'swollen' appearance" (G. S. 
Shonin). Nevertheless, efficieccy was not significantlk disrupted 
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dur ing  t h i s  t i m e .  The a s t r o n a u t s  c a r r i e d  o u t  obse rva t ions  o f  
e x t e r n a l  r e f e r e n c e  p o i n t s  and equipment o p e r a t i o n s  and ~; :a in ta ined 
radiocommunications. 

Analys is  of  t h e  biomechanical e f f e c t s  under prolonged weight less-  
n e s s  l e a d s  t o  t h e  conclus ion  t h a t  t h e  sensorimotor  coord ina t ion  of  
t h e  major i ty  o f  t h e  a s t r o n a u t s ,  when immobilized i n  t h e  seat G- i 
working wi th  v a r i e d  equipment, w a s  n o t  s i g n i f i c a n t l y  d i s rup ted .  
Also, n o t i c e a b l e  d i s r u p t i o n s  of  o r i e n t a t i o n  i n  space  and coordina- 
t i o n  cf rnovement i n  t h e  e x t r a v e h i c u l a r  a c t i v i t y  of A. A. Leo,lov and 
i n  t h e  t r a n s f e r  o f  Y e .  J .  Khrunov and A. S. Yeliseyev from one c r a f t  
t o  t h e  o t h e r ,  were n o t  d i sc losed .  S i m i l a r  r e s u l t s  (dur ing  e x t r a -  
v e h i c u l a r  a c t i v i t y )  were ob ta ined  i n  t h e  f l i g h t s  o f  ~ m e r i c a n  a s t r o -  
n a u t s  i n  t h e  Gemini s p a c e c r a f t  (Belry,  i'JJ:6) and t h e  Skylab o r b i t a l  
s t a t i o n ,  dur ing  t h e  e x t r a v e h i c u l a r  a c t i v i t i e s  of D. Lousma and 0. 
G a r r i o t t  . 

A l a r g e  amount of  informat ion  on t h e  state of t h e  v e g e t a t i v e  
f u n c t i o n s  a l s o  has  been ob ta ined  i n  space experiments.  I t  has  been 
determined t h a t  t h e  h e a r t  r a t e s  o f  t h e  a s t r o n a u t s  decreased r e g u l a r l y  
i n  o r b i t a l  f l i g h t ,  t o  t h e  va lues  recorded a few minutes be fo re  launch,  - .  
i n  some cases .  The p u l s e  of  G. S. T i t o v  was 69 b e a t s  p e r  n i n u t e  on 
t h e  average 4 hours  b e f o r e  launch,  of  A. G. Nikolayev, 72 b e a t s  p e r  
minute, of P. R. Popovich, 56 b e a t s  p e r  minute,  of  V. F. Bykovskiy, S .  
68 b e a t s  p e r  minute and o f  V:V. Tereshkova, 81  b e a t s  p e r  minute. f 
The p u l s e  r a t e  of  A. G. Nikolaye-~ and V. V. Teres~ikova reac3ed t h e  
i n i t i a l  l e v e l  approximately i n  t h e  middle of  t h e  second day of t h e  
f l i g h t  and t h o s e  of P. R. Popovich and V. F. Bykovskiy, by t h e  end 
of  t h e  f i r s t  day. The p u l s e  of  G. S. T i t o v  remained h igher  than  t h e  
i n i t i a l  l e v e l  f o r  t h e  e n t i r e  f l i g h t ,  which is  exp la ined  by t h e  
c o n d i t i o n s  o f  t h e  experiment and v e s t i b u l a r - v e g e t a t i v e  d i s tu rbances .  

However, recovery of  t h e  pu l se  r a t e  t o  i n i t i a l  v a l u e s  s t i l l  i s  
n o t  evidence of  complete well-being. Th i s  i n d i c a t o r  changed cons ider-  
ab ly  under we igh t l e s s  cond i t ions .  The p u l s e  r a t e  f l u c t u a t e d  w i t h i n  
210-15 b e a t s  pe r  minute and more i n  s h o r t  i n t e r v a l s  of  t i m e  (without  
v i s i b l e  cause ) .  This  was expressed  p a r t i c u l a r l y  i n  G. S. T i t o v ,  
P. R. Popovich and V. V. Tereshkova. Thus, t h e  p u l s e  of V. V. 
Tereshkova quickened on t h e  20th ,  29-31str and 35-37th o r b i t s  and 
slowed down considerably  on t h e  23rd, 34th and 39th o r b i t s .  

S t a t i s t i c a l  process ing  o f  t h e  r e s u l t s  of  examination of  t h e  
a s t r o n a u t s  (Table 8 )  has  a l s o  showed t h a t ,  dur ing  o r b i t a l  f l i g h t ,  a s  
a r u l e ,  t h e i r  r o o t  mean d e v i a t i o n  ( a )  and c o e f f i c i e n t  of  v a r i a t i o n  
(C) inc reased  cons iderably  over  t h e  i n i t i a l  l e v e l .  Thus, t h e  
o s c i l l a t i o n s  of t h e  p u l s e  r a t e  of  A. G. Nikolayev 4 hours  be fo re  
launch was c h a r a c t e r i z e d  by t h e  fo l lowing i n d i c a t o r s :  r o o t  mean 
d e v i a t i o n  3.02, c o e f f i c i e n t  of  v a r i a t i o n  4.25%; P. R. Popovich, 
V. F. Bykovskiy and V. V. Tereshkova, 1.97 and 3 . 5 2 % ,  2.15and 4.63%, 
2.52 and 3.11%, r e s p e c t i v e l y .  During t h e  time of t h e  pre launch w a i t  
and under we igh t l e s s  c o n d i t i o n s ,  t h e s e  i n d i c a t o r s  were h igher  i n  a l l  
a s t r o n a u t s ,  a s  a r u l e .  
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TABLE 9 

CHANGE I N  BLOOD PRESSURE, PULSE RATE AND RESPIRATION RATE OF ASTRO- 
NAUTS I N  ORBITAL FLIGHT BEFORE AND AFTER MEASURED WORKLOADS 

Before 1 15-20 I 2  min A f t e r  
Phys ica l  Load A f t e r  Load Measured Load 

Key: A Blood v-:essure, mm Hg 
B Pu l se  r a t e ,  beat/min 
C R e s p i r a t i o n  r a t e ,  cycle/min 

5 
I n  performing measured workloads of  moderate s e v e r i t y  ( t h e  work r 

performed was 100.8 kgm), t h e  p u l s e  r a t e  and blood p r e s s u r e  o f  t h e  
a s t r o n a u t s  under w e i g h t l e s s  c o n d i t i o n s  f o r  up t o  5 days,  changed 
n e g l i g i b l y  (Table 21. However, a  tendency was obse~rved towards some 
i n c r e a s e  i n  pu l se  p ressure .  Such o s c i l l a t i o n s  of  t h e  phys io log ica l /27  
i n d i c a t o r s  is evidence of  imperfec t ion  of  t h e  n e u r o r e f l e x  r e g u l a t i o n  
mechanisms.(Ye. M. Yuganov, e t  a l . ,  1961; V. I. Yazciovskiy e t  a l . ,  
1963, 1964).  I t  is d i f f i c u l t  now t o  e x p l a i n  what caused t h e  regu- 
l a t o r y  d i s tu rbances :  neuroemotional stresses o r  t h e  e f f e c t  o f  
weight lessness .  I t  apparen t ly  is t h e  r e s u l t  o f  t h e  e f f e c t s  o f  
we igh t l e s sness ,  s i n c e ,  dur ing  prolonged o r b i t a l  f l i g h t s ,  when t h e  
neuroenlotional stress g r a d u a l l y  decreased,  f l u c t u a t i o n s  i n  t h e  p u l s e  
r a t e  even inc reased  somewhat. 

Less d i s t i n c t  d a t a  were ob ta ined  i n  r ecord ing  t:he r e s p i r a t i o n  
r a t e  (Table 1 0 ) .  An i n c r e a s e  i n  number of r e s p i r a t o r y  movements, 
e s p e c i a l l y  a t  t h e  s t a r t  of  t h e  experiment,  over  t h e  d a t a  of t h e  5- 
minute read iness  examination, was observed i n  a l l  a s t r o n a u t s .  Th i s  
k ind  o f  change apparen t ly  i s  caused by neuroemctional stress. 
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A t  t h e  s t a r t  o f  a  pe r iod  of  we igh t l e s sness ,  t h e  a s t r o n a u t s  r e a c t e d  
quickly  t o  any e x t e r n a l  s t imulus ,  s i n c e  they  s t i l l  had n o t  mastered 
we igh t l e s sness  and t h e  c o n d i t i o n s  of l i v i n g  i n  t h e  s p a c e c r a f t .  
Moreover, t h e  r e s p i r a t i o n  r a t e  was determined t o  a  g r e a t  e x t e n t  by 
t h e  rhythm of t h e  rad ioconversa t ions ,  which were c a r r i e d  o u t  a t  a  
very high r a t e  dur ing  t h e  e n t i r e  f l i g h t .  

The r e s p i r a t i o n  r a t e s  of t h e  a s t r o n a u t s  changed e s p e c i a l l y  
no t i ceab ly  dur ing  e x t r a v e h i c u l a r  a c t i v i t y .  Thus, i n  t h e  f i r s t  e x t r a -  
v e h i c u l a r  a c t i v i t y ,  t h e  r e s p i r a t i o n  r a t e  of A. A. Leonov was 26-36 
cycles/min and, o f  Ye. V. Khrunov, 49 cycle/min. Performing measured 
workload (us ing  t h e  expander-dynamometer) i n  t h e  f i r s t  f i v e  days of 
th?  o r b i t a l  f l i g h t  l e d  t o  more n o t i c e a b l e  change i n  e x t e r n a l  i n d i -  
c a t o r s  o f  r e s p i r a t i o n ,  compared w i t h  t h e  d a t a  ob ta ined  i n  a  r e l a t i v e l y  
peaceful  s t a t e .  A f t e r  a  f u n c t i o n a l  test,  pulmonary v e n t i l a t i o n  
inc reased  by 4 .74  l /min, t h e  v i t a l  c a p a c i t y  of t h e  lungs ,  by 171.1 m l  
and energy l o s s  by 0.67 kcal/min (Table 11). Three t y p e s  of r e a c t i o n s  
of t h e  a s t r o n a u t s  can be  d i s t i n g u i s h e d ,  by n a t u r e  of  change i n  
r e s p i r a t i o n  r a t e .  I n  t h e  f i r s t  type ,  t h e  r e s p i r a t i o n  r a t e  i n c r e a s e s  
no t i ceab ly  under w e i g h t l e s s  c o n d i t i o n s  over  t h e  i n i t i a l  d a t a .  Th i s  
was observed i n  a  nuxrber of  persons ,  both  i n  t h e  s t a t e  o f  r e s t  and 
10-15 s e c  a f t e r  performing measured p h y s i c a l  workloads. Some decrease  
i n  r e s p i r a t i o n  r a t e  inmedia te ly  a f t e r  performing a  measured workload 
under we igh t l e s s  c o n d i t i o n s  is i n h e r e n t  i n  t h e  second type.  I n  t h e  
t h i r d  type  of r e a c t i o n ,  a  p e r i o d i c i t y  i s  noted i n  t h e  change i n  /28 S 
r e s p i r a t i o n  r a t e  dur ing  o r b i t a l  f l i g h t  (both i n  s t a t e  of  rest and i n  f 
performing measured workloads) .  

TABLE 11 

CHANGE I N  RESPIRATIOK PATE, PULMONARY VENTILATION, VITAL 
CAPACITY OF THE LUNGS AND ENERGY LOSS OF ASTRONAUTS UNDER 
ORBITAL WEIGHTLESS CONDITIONS BEFORE AND AFTER PHYSICAL 
LOADING (average d a t a )  

I 15-20 s e c  
Before Phvs ica l  Load A f t e r  Measured Workload 

Key: A Respirat.iox. r a t e ,  cycle/min 
B Pulmonary v e n t i l a t i o n ,  l/min 
C V i t a l  c a p a c i t y  of lungs ,  m l  
D Energy l o s c ,  kcal/rnin 



Some changes also were observed in the electrocardiograms: 
The Q-T interval was shortened during the 5-minute readiness, at the 
beginning and end of the period of weightlessness and somewhat 
increased in the middle of it; the P-Q interval changed approximately 
the same, but less distinctly. Change in the time indicators of the 
electrocardiograms, as usual, was closely connected with pulse rate: 
with curtailment of it, the intervals increased, and vice versa. 

The T-spike amplitude of all astronauts increased under weight- 
less conditions, over the 5-minute readiness examination data, and 
the R-spike increased only in A. G. Nikolayev and, in the first half 
of the flight, in V. F. Bykovskiy. It was reduced in astronauts 
P. R. Popovich and V. V. Tereshkova, as well as in the second half 
of the flight of V. F. Bykovskiy. The cause of the changes is not 
clear, since, even for terrestrial conditions, there is not now clear 
information on the causes of change in the amplitudes of the electro- 
cardiograms. It is possible that they are a consequence of change in 
the electrical axis of the heart and, to a certain extent, a result 
of disturbance of metabolic processes in the myocardium. Differences 
in the direction of change in amplitudes, in all likelihood, are /29 
explained to a certain extent by the singularities of telemetric 
recording of the biomedical information. 

The systolic index gradually decreased under weightless con- 
ditionsijust as in analysis of the pulse and respiration rates, these , S  
indicators of the P-Q and Q-T intervals, T-andR-spike amplitudes r( 
al\d the systolic index fluctuated considerably. 

There is a certain interest in data on change in bioelectric 
activity of the cerebral cortex during a space flight. Under weight- 
less conditions, a tendency was noted in A. G. Nikolayev and V. F. 
Bykovskiy of predominant replacement of the low-frequency oscilla- 
lations (below 8 Hz) by high-frequency, with a gradual. decrease in 
bioelectric rhythm amplitudes. As a rule, there was an increase in 
low-frequency potential in V. V. Tereshkova. If it is considered 
that, according to the data of P. I. Shpil'berg (1949), P. I. 
Gulyayev (1960) and others, the exitation process is characterized 
by depression of the low-frequency and activation of the high- 
frequency oscill~~ions and an inhibiting process, by exaltation of 
the a-rhythm a-d appearance of slow waves, excitation was increased 
under weightl~~s conditions in A. G. Nikolayev and V. F. Bykovskiy 
and, in V. V. Tereshkova, inhibition. In all likelihood, the /30 
great variability of the pulse rate of V. V. Tereshkova stems from 
this. It might be supposed that, because of development of an 
inhibiting process, the cortical control of the vegetative functions 
was disrupted, as a result of which, more significant shifts arose 
in the pulse rate. The nature of the physioloqical reactions of the 
astronauts under weightless conditions is evidence of their great 
adaptability to the unusual living conditions. While the vegetative 
shifts were expressed more significantly initially, they decreased 
subsequently. 



There was definite interest in data from study of the cutaneo- 
galvanic reactions (CGR) under weightless conditions. Experiments 
were carried out on four astronauts, during the flights of the 
Vostok 3 and Vostok 6 spacecraft. 254 measurements of the cutaneo- 
galvanic reaction were recorded in all. Special proportioned stimuli 
were not used in the flight. The appearance of cutaneogalvanic 
reactions was caused only by various occupational stimuli (radio- 
conversations, commands from earth, signal indications, etc.). 
Slow changes in the electrical resistance of the skin were recorded 
in A. G. Nikolayev and P. R. Popovich and, rapid oscillations of the 
CGh were investigated in V. F. Bykovskiy and V. V. Tereshkova. Three 
ty~es of reactions can be distinguished on the curves recorded: 
a) slow single-phase, b) fast two-phase (duration less than 2 sec), 
c) combined. Analysis of the data showed that the CGR of astronauts 
A. G. Nikolayev and P. R. Popovich under weightless conditions were 
in different directions. Thus, in proportion to his stay under 
weightless conditions, the cutaneogalvanic resistance of A. G. 
Nikolayev increased and that of P. R. Popovich, being increased 
initially, decreased somewhat, beginning with the 24th orbit; the 
resistance was higher in the morning in this case than in the evening. 
In analysis of individual measurements, a definite cyclic nature is 
successfully noted in changes in the indices, which apparently is 
explained by the circadian rhythm. Moreover, an appreciable 
tendency towards reduction in the cutaneogalvanic resistance was 
noted during periods of marked emotional stress. 

l3e cutaneogalvanic reactions of astronauts V. F. Bykovskiy and 
V. V. Tereshkova under orbitai weightlessness conditions was studied 
more completely (I. 'I.. Akclinichev, A. Ye. Baykov, et al., 1963). 
As a result of the study, it was determined that, at the start of /31 
a flight., as well as before descent of the craft to earth, an increase 
in number of CGR oscillations was observed ~ I I  V. F. Bykovskiy and 
V. V. Tereshkova which was caused by higher neuroemotional stresses 
(Table 12) . 

TABLE 12 

Cutaneogalvanic reactions were interpreted by 
A. Ye. Baykov 

AVERAGE NUMBER OF CGR OSCILLATIONS IN ASTRClNAUTS V. F. 
BYKOVSKIY AND V. V. TERESHKOVA PEk PiiF IN DIFFERENT 
SECTIONS OF THE SPACE FLIGHT 

Astronaut 

V. F. Bykovskiy 
V. V. Tereshkova 

5 min 
Before 
Launchness 

fi 
8 

of 'start 1 Weightlessness 
Weight (flight orbits) 
less 

I I 
12 ' 

2 

8 8 

18 

2 5ih 38 45 48  78 81 



The average CGR durat ion of both as t ronauts ,  i n  t h e  5-minute 
readiness  period,  var ied from 4 . 1  t o  20.5 sec.  Under weight less  
condi t ions ,  during t h e  g rea t e r  por t ion of t he  f l i g h t  o r b i t s ,  t h e  
average durat ion of t h e  r eac t ion  of V.  F. Bkkovskiy and, i n  o r b i t s  
1-7 of t he  f l i g h t  of V. V. Tereshkova, were considerably l e s s  than 
i n  t h e  5-minute readiness  period (Table 1 3 ) .  This decrease was 
p a r t i c u l a r l y  s i g n i f i c a n t  i n  V .  V. Tereshkova i n  t he  4th o r b i t ,  during 
a conversation with t h e  f l i g h t  leader .  I n  proport ion t o  t h e  s t a y  of 
V. V. Tereshkova under weight less  condi t ions  (13-23rd o r b i t s ) ,  t h e  
average durat ion of t he  reac t ion  i n c r e a ~ e d  considerably ( t o  18.1 sec),  
i n  which it was higher i n  t he  f i r s t  hal f  of the  day than before  
s leep.  

TABLE 13 

CHANGE I N  BASIC INDICATORS OF CUTANEOGALVANIC M C T I O N  OF 
ASTRONAUTS V. F. BYKOVSKIY AND V. V. TERESHKOVA DURING 
ORBITAL FLIGHT (from data  of I. T. Akulinichev and A. Y e .  
Baykov) - 

Duration of 1 Pos i t ive  Phase Negative Phase 
Reaction, sec  Amplitude. % Am~l i tude .  % ... 

Fl iqh t  Period [ ~ v g  / ~ a x j  Min i A V ~ *  \Max 1 fiin i ~ v g -  1 ~ a x l   in^ 
5-min readiness 
period 
Weight- I 

lessness :: 
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3 . 2  
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7 . 4  
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An increase in average duration of the reaction of V. F. 
Bykovskiy, to 13.7 sec in the 4th-5th orbit, coincided with injection 
into orbit of the Vostok 6 spacecraft and with subsequent conversa- 
tions with V. V. Tereshkova. 

Before launch of the Vostok 5 and Vostok 6 spacecraft, the 
average duration of the reaction of bcs!-.. astronauts i~creastd notice- 
ably, to 15.1-17 sec. The heart rates of the astronauts speeded up 
consideraoly during this time. The average amplitude of the CGR 
positive phase of the astronauts differed: The amplitude had a 
tendency to decrease during the entire flight in V. F. Bykovskiy 
and in V. V. Tereshkova, to decrease, compared with the 5-minute 
readiness period. Thus, the average amplitude of the CGR positive 
phase of V. F. Bykovskiy, under orbital weightlessness conditions, 
was 1.1-3.4%; for V. V. Tereshkova, it had a phase nature during 
the entire flight. Initially, during the first 1-1/2 orbits of the 
flight, the amplitude had a tendency to decrease, it increased in 
the 29th-30th orbits (2nd day of the flight), reaching the initia?. 
value and, before descent, it again became less in orbits 47 and 48. 

It was determine? that a range of fluctuation of positive phase 
amplitudes undex flight conditions was cons:derably larger for V. F. 
Bykovskiy than for V. V. Tereshkova. A particularly noticeable 
increase in CGR amplitude of V. F. Bykovskiy was observed in the 
2nd, 45th and 78th orbits of the flight. During this time, the 
astronaut carried on conversations with ground stations and awaited 
descent of the spacecraft to earth. 

The average negative phase amplitude of both astronauts did not 
have a marked tendency to change, and it fluctuated between 2.2 aa? 
3% in V. V. Tereshkova and 2-4.2% in V. F. Bykovskiy. In those 
cases, when positive phase aaplitude increased, the negative 
phase amplitude most often decreased. 

/32 

Thus, it is evident from the data presented that the dynamics 
of change.in the individual indicators of the cutaneogalvanic reaction 
of both astronauts was connected mainly with their neuroemotional 
state. Undoubtedly, on longer space flights, especially when using 
special proportioned stimuli, investigation of these reactions will 
have important scientific and practical value, for judgments on the 
state of the vegetative sphere of an astronaut and for prognostic 
purpases. 

The experimental data allow the conclusion + o  be drawn that, /33 
under weightless conditions lasting 5 days and .nore (18-24), there 
are nc significant disturbances, with the exception of some singu- 
iarities in functioning of the cardiovascular ~ystem: a reduction 
in heart rate, sometinies even greater than values recorded xnder 
ground conditions; large fluctuations in the physiological indicators; 
a slow increase in some indicators to the initial level under weight- 
less conditions, after the powered phase of the flight. 



The results of comparison of experimental data obtained during 
the action of bricf and prolonged weightlessness on the astronauts 
gives a basis f o ~  concluding that there are individual resist-ances 
of the astroxiautu to weightlessness and that there is prognostic 
value in the results of examination during familiarization flights 
along a Kepler parabola in aircraft. Thus, in astronauts G. S. 
Titov, P. R. Popovich and V. V. Tereshkova, increased fluctuation 
of the physiological indicators were observed during brief weight- 
lessness, and the same was noted during orbital flights. The . 

necessity for obligztory conduct of fan~iliarization flights on the 
Kepler pardola and consideration of experimental data in selection 
and training of astronauts flows from this. 

3. Physiological Mechanisms of the Effect 
of Weightlessness on the Body N75 231 09 
Serious attention is now being given to study of the effect of 

weightlessness on the bodies of animals and man, since this factor 
apparently is a definite obstacle to the conquestof space by man. 

Thz experimental way of solving problems of weightlessness is 
extremely difficult, because of the impossibility of full-scale ground . 
nodeling of this state. Nevertheless, Zefinite successes have been 
achieved in recent years. Direct data on the state of people under 
weightless conditions have been ebtained during flights in aircraft 

,s 
along a Kepler parabola, ballistic rockets and sateilite spacecraft r' 
and indirect, by partial modeling of the state of weightlessqess 
while submerging subjects in immersion media, being under conditions 
of relative isolation, hypodynamia, etc. 

Generalized works on the change in the individual functional 
systems of the body under weightlessness have appeared in the litera- 
ture in recent years (V. I. Yazdovskiy, et al., 1964a; I. I. Kas'yan, 
et al., 1964a; B. M. Bayevskiy, 0. G. Gazenko, 1964 and others) and, 
therefore, we have limited ourselves only to a description of the 
pecu1aritit.s of physiologicaZ reactions, since they permit a closer 
approach to understanding the mechanisms of the effect of weight- 
lessness on the human body. 

In analysis of experimental data, it has been ascertiiined that, 
under these conditions, there have been some changes in development 
of the sensory, motor and vegetative components of the overall 
reaction of the body, as well as individual differences in adaptation- 
compecsatory reactions. Thus, under weightless conditions, persons 
being examined frequently have felt, especially during the first 
minutes, the illusion of flight in the upside-down position ("legs 
upwardn flight), a feeling of falling eownward, rising upwards, etc. 
The il1,lsory disturbbnces have disappeared with continuation of the 
flight, in the majority oi cases; however, they easily arise again 
during rapid move~ents of the head, fatigue, and movements in 
space. The spatial illusions were observed in a portion of the 
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people in all parabolic flights (Ye. M. Yuganov, et al., 1961; 
G. L. Komendantov, V. N. Kopanev, 1962; V. V. Baranovskiy, et al., 



1962; I. I. Kas'yan, V. I. Kopanev, 1963: L. A. Kitayev-Smyk, 1963, 
1964; N. M. Sisakyan, V. I. Yazdovski, 1963, 1964; Yazdovski, et al., 
1964b; Gerathewohl, 1953, 1956; Ogle, 1957; Hauty, 1960). 

According to the data of L. A. Kitayev-Smyk (1963), the per- 
ception of light signals changed under conditions of brief weightless- 
ness: The appearance of a violet halo around bright object$, 
heightened color perception (mainly yellow), distortion and diffus- 
ness of visible objects. Besides the sensory disturbances, certain 
changes in the motor sphere also were observed in the state of brief 
weightlessness. In the majority of subjects, accuracy in hitting a 
target decreased, motor coordination was disrupted (missing the 
target), the muscular strength of the arms decreased, the rate of 
performance of motor acts and the precision of maintaining fixed 
muscle efforts decreased, the time necessary for turning off toggle 
switches and the number of errors in setting indicator needles 
increased (V. S. Gurfinke18,et al., 1959; Ye. M. Yuganov, et al., 
1962, 1963; Ye. M, Yuganov, 1963; L. A. Kitayev-Snyk, 1963; I. I. 
Kas'yan, 1963a; I. I. Kas'yan, et al., 1964a; Beck, 1954, 1956; 
Lonciiaco, et al., 1957; Gerathewohl, et al., 1957). 

The motor activity of astronauts was not significantly dis- I 

rupted during orbital flights. They controlled the craft, ~erformed 
various work operations, in accordance with the flight cyclogram, 
and carried out medical observations and experiments (0. Gazenko, .$ 

1962; N. M. Sisakyan, V. I. Yazdovskiy, 1963; V. I. Yazdovskiy, et k' 
al., 1963, 1964a; N. L. Delone, et al., 1963, 1964). Nevertheless, 
these data still do not permit it to be concluded that the motor 
activity of the astronauts is unchanged, since the accuracy necessary 
for executing these movements was low and fclly commensurable with 
possible disturbances of the movement indicators (I. I. Kas'yan, 
1964a). 

There now are data showing that, under weightless conditions, 
fine coordinated acts are disrupted. Thus, A. I. Mantsvetova, I. P, 
Neumyvakin and colleagues (1965), analyzing the handwriting of 
astronauts A. G. Nikolayev and P. R. Popovich, found that coordina- 
tion of movement at the start of a flight chacged considerably; these 
changes subsequently were smaller. 

Extensit-e biomedical information on the vegetative 
functions under weightless conditions has now been obtained. Under 
both brief and prolonged weightlessness, the heart rates of persons 
and aniri~als examined have decreased, in the majority of cases (some- 
times it was even below the level recorded ander ground conditions), 
and the blood pressure has decreased; some indicators slowly 
recovered (pulse rate, blood pressure, respiration rate, etc.) to 
the initial level under weightless conditions, after an increase in 
them during the powered phase of the flight; the physiological 
indicators changed strongly. The root mean deviations, coefficients 
of variation of the pulse rate and certain other physiological 
indicators of all astronauts were higher than the values calculated 



in ground examinations (V. N. Chernov, V. I. Yakovlev, 1958; 0. G. 
Gazenko, 1962: I. I. Kaa' tan, 1962; N. M. Sisakyan, V. I. Yazdovskiy, 
1963-1964; I. I. Kaslyan, \t al., 1964b; R. M. Bayevskiy, 0 .  G. 
Gazenko, 1962; 0. G. Gazen~o, et al., 1964). 

Weightlessness apparently also favors development of sea- - /35 
sickness (see Chapter 3). 

By generalizing the data on reactions of people in the state of 
weightlessness, it can be concluded that, under these conditions, 
a disruption of the sensory component of the total reaction of the 
organism (illusory perceptions of spatial relationships, changed 
perceptions of color signals, etc.), disruptions of the motor 
component of the total reaction of the body (disruption of motor 
coordination, decrease in muscle tonus, decrease in mxscle strength, 
etc.), disruptions of the vegetative component of the total reaction 
of the body (increased vegetative lability, reduction in some physio- 
logical indicators below the ground level, delay in adaptation, etc.), 
and development of space forms of seasickness (increased salivation, 
hyperhidrosis, nausea, vomiting, etc.) are observed in some people. 

There still is no theory at this time, explaining the effect of 
weightlessness on the body. There are only individual opinions of 
both Soviet and fcreign investigators, on the mechanisms of one change 
or another. Thus, Burch and Gerathewold (1960) considered the . 
reduztion in arterial prensure under weightless conditions to be 
functional adaptations of the heart to a decrease in the mechanical 
load. G. Von Beck (1958) considers that disruptions (or shifts) of 

s 
the complex synergism of the autonomous cardiovascular presso- L' 

I 

receptors and pressoregulators can be expected in the state of 
weightlessness. Graybiel and colleagues (1959) attempt to explain 
the slowing of the pulse in monkeys under weightless conditions by 
the fright of the animals. One can scarcely agree with this, since 
a similar reaction is observed duri?g a long stay under these 
conditions. R. M. Bayevskiy and 0. G. Gazenko (1964), studying the 
reactions of the cardiovascular system, concluded that there was a 
phase nature of the adaptation of the circulatory system to the new 
physical conditions, and they expressed predominance of the vaGus 
nerve system. Slowing down of adaptation processes under weightless 
conditions is explained by Gerathewohl and Ward (1960) by the 
"contrast aspect" of the transition of the body from one state ro 
another, and V. N. Chercov and V. I. Yakovlev (1958) evaluate it as a 
conseqllence of change in the functional state of the nerve centers 
regulating blood circulation and respiration. The latter explanation 
apparently corresponds more to reality. A number of investigators 
prove that the sensory disturbances are caused by change in the 
afferent impulses from the labyrinth apparatus (V. V. Parin, et al., 
1963, and others), etc. 

According to Ye. M. Yuganov (1963), weightlessness docs not 
lead to functional switching off of the otolith apparatus, but is an 
unusual 12inus-stimulus for the otoliths. The author thinks that, 



if weightlessness has a cw~ulative property, in all likelihood, the 
summation of the nerve processes arising here can lead to appearance 
of spacesickness symptoms. 

Experimental material an5 dota in the literature have permitted 
us to state that there is a dirzct and mediated effect of weightless- 
ness on the functional state of the cardiovascular system (Kas'yan, 
et al., 1964). In our opinion, it is completely compete~~t to explain 
the sensory, motor and vegetative disruptions, which are observed 
under weightlessness conditions, on these grounds. The effect of 
weightlessness on the body is shown in the diagram. As is evident, 
the direct effect is understood to be the entire complex of reactions 
caused by decrease ("disappearance") of the weight of body tissues 
and organs and, consequently, the change in signals from the recep- 
tors, which are sensitive to mechanical actions. As a result, the 
blood pressure (arterial and vc.~ous) decreases, and accumulation 
of blood takes place in the veins, in all likelihood, the venous 

/37 
flow from the upper part of the body is hindered, the biomechanics 
of external respiration change (under ground conditions, the act of 
exhaling takes place passively and the respiratory muscles partici- 
pate under weightless conditions), and movement coordination is dis- 
rupted (missing the target), since movements are accomplished by the 
accustomed terrestrial stereotype, allowing for the weight of the 
extremities. Apparently, changes take place in the secretations of . 
the glands of the gastrointestinal tract, afferentation changes, 
because of decrease in weight of the otoliths, and conditions for 
sensory disturbances are created. It might be supposed that urination 5 
could be disruptei! to a certain extent, during prolonged weightless- I 

ness, although the astronauts examined noted no pecularities in 
urination. If the number of urinations and amount of urine eliminated 
are compared, some differences are possible, compared with terrestrial 
conditions (it is evident that the urges will be more infrequent in 
weightlessness, and eliminaticn of urine more abundant, since a 
larcjer amount of urine is necessary, considering the "disappearance" 
of its weight, to cause the urination reflex). 

In all likelihood, the functioning of the auditory and visual 
analyzers changes to a certain extent, in connection with the fact 
that, in weightlessness, the weight of the tympanic bones, eyeballs, 
etc. decreases ("disappears"). However, all these changes apparently 
are quite negligible; they were not felt by the people and astro- 
nauts examined. 

The mediated effect of weightlessness is urderstood to be the 
entire set of physiological reactions, arising as a result of 
changes in the functional state of the central nervous system and 
the cooperative work of the analyzers, under the unusual afferent 
impulses from the mechanoreceptors of the vestibular, interoceptor, 
motor and other analyzers. As a result, the functional system of 
the analyztrs, participating in a~alysis of spatial relationships, 
in the setting of the body in space, is disrupted (G. L. Komendantov, 
1959, 1963), the space form of seasickness develops (G. L. Komendantov, 
V. I. Kopanev, 1962) and instability of a number of vegetative 
indicators is manifested. 35 
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The principles of the functional system in the work of the 
analyzers is being confirmed more and more recently, in experimental 
research. Thus, V. V. Baranovskiy and colleagues (19623 have 
established that the vestibular-vegetative reactions were reinforced 
by stimulation of the proprioceptors and the visual analyzer. The 
same thing was demonstrated by V. N. Barnatskiy (1964). In sea- 
sickness of experimental animals, vegetative disorders were rein- 
forced or weakened, by means of change in the functional state of 
the visual, proprioceptive an2 interoceptive analyzers. 

There now are data showing that, in some persons under weight- 
less conditions, an inhibiting process is strengthened in the 
central nervous system. Thus, with V, V. Tereshkova (V* 1- 
Yazdovskiy, et al:, 1964b), an increase in the low-frequency potentials 
took place during crbital flight, l-?<c' :*16~.:?tes development of 
inhibition. From this, the observed instability of her pulse rate 
is understandable. Apparently, because qf development of the in- 
hibiting process, cortical control 3f the vegetative functions was 
disrupted, as a result of which, more pronounced vegetative shifts 
were displayed. The impression is created that, under weightless 
conditions, the tonus of the parasympathetic section of the central 
nervous system begins to predominate, since the pulse rate and blood 
pressure decrease, and a state of seasickness develops. To a - /38 
certain extent, the functional state of the cerebral cortex is 
determined by the tonic influences of the subcortical formations, 
mainly by the reticular formations, which also are not insensitive 
to unusual afferent effects (G. Megun, 1964; T. S. Naumova, 1963). 
It is possible that changes in afferentation from the mechano- 
receptors changes the interference of the reticular substance and 
the cerebral cortex, as a result of which the cortex tonus decreases. 
In an actual space flight, weightlessness acts on the body, on a 
background of other factors (noises, vibrations). However, 
apparently, the main and, to a considerable extent, determining 
reaction of the body is the neuroemotional stress, caused by peculiari- 
ties of the flight, which must always be taken into account in 
analysis of the data (V. I. Yazdovskiy, et al,, 1964), the more so 
that, as is thought, it favors strengthening of the sympathetic 
influences. 

As is well known, in proportion to the length of time in weight- 
lessness, a certain adaptation of the body to these unusual conditions 
develops. Considering knowledge of the physiological mechanisms, 
the effect of weightlessness on the human body and the physiological 
reactions, several periods of adaptation can be distinguished under 
these conditions and means of prophylaxis can be planned (Diagram la). 

The first period1 is a transitional process from the action of 
y-forces to the state of weightlessness. Its duration is from 1 to 

- --- 

'A somewhat different and more detailed interpretation of the 
adaptation phase is discussed in Chapter 5 ,  



DIAGRAM la 

PERIODS OF ACTION OF WEIGHTLESSNESS ON THE BODY 

I 
'Group 1 
Goodealth, 
vegetative 
reactions 
adequate to 
unusual con- 
ditions of 
weightless- 
ness. Pres- 
ervation of 
efficiency 
at high 
leve 1. 

Group I1 
Static- 
kinetic 
disorders 
(seasick- 
ness, illu- 
sions, etc.) 
Reduction in 
efficiency. 

1st day I nd day 

3 

3 

Steady adap 
tation. Hi 
level of 
efficiency. 

-+ 

Partial 
adaptation. 
Physiologi- 
cal func- 
tions of 
body become 
normal. 

3rd -7th- 
8th days 

of certain 
functions 
and systems 
of the 

'~eduction i 
, efficiency . 

24 hours. Individual changes in the physiological indicators of the 
cardiovascular system and respiration appear during this time (pulse 
rate, blood pressure, pulmonary ventilation, vital capacity of the 
lungs, etc.), and different illusory sensations (illusions of the 
upside-down position of the body, falling, banking, etc.) and symptoms 
of discomfort (salivation, nausea, etc.) a.lso are observed, which can 
lead to a decrease in the level of efficiency. The physiological 
basis of these changes should apparently be considered to be a mis- 
match of the functional system of the analyzers reflecting -pace, 
predominantly because of the direct effect of weightlessness and, to 
a lesser extent, because of the mediated effect. In this connection, 
in the first period of weightlessness, with vestibular-vegetative 
disorders, it is advisable to use pharmacological preparations as 
indicated. It can also be assumed that the use of pharmacologicals 
in this period accelerates adaptation of the body and permits more 
efficient accomplishment of work in the first orbits of an orbital 



flight. The use of pharmacologicals with such disorders has been 
dealt with in the periodical literature (P. V. Vasil'yev, V. E. Belay, 
G. D. Glod, 1971). 

The second period is the initial adaptation to the unusual 
conditions and readjustment of the state of the cardiovascular and 
other systems of the body to a lower level of functioning. The 
duration of this period is 25-48 hours. Partial adaptation of the 
body to the state of weightlessness takes place (turning on of 
adaptation-compensatory mechanisms, etc.), some indicators of 
physiological functions of the body become normal, but there is not 
yet sufficient stability. The physiological basis of adaptation is 
formation of .lew functional systems and functioning of the central 
nervous system at a level, adequate to the unusual conditions of 
existence in the state of weightlessness. However, the new level of 
the functional system is extremely unstable, and it can be dis- /39 
rupted by the action of unfavorable factors. This must be taken into 
consideration in organizing the work and rest of the astronauts in 
this period, and to ensure the optimum physiological-hygienic condi- 
tions in the spacecraft catin. 

The third period is a process of temporary adaptation of the 
functional systems of the body to the effect of weightlessness. The 
duration of the period is 3-8 days and more. As a rule, the more 
pronounced adaptation of the body to the state of weightlessness in 
this period than in the second period, and stabilization of the 
physiological indicators to the prelaunch level and a steady level of 
nomal efficiency are noted. Therefore, it is advisable to perform 
critical operations in the third period. 

The fourth period (from days 9-10 or more) can develop in two 
directions. The first is characterized by further adaptation of the 
body to weightless conditions. In this case, no functional shifts 
in the body are observed, and a high level of efficiency is pr~served. 
In essence, this period is a continuation of the functional symptoms 
noted in the third period. The second direction is characterized by 
"imbalance" of some functions and systems of the body, as a result of 
the prolonged effect of weightlessness, hypokinesia and other flight 
factors. However, it is encountered considerably more rarely. In 
this case, a more pronounced reaction of the cardiovascular, 
muscular and other systems of the body to measured physical loads 

/40 
and various work operations is observed. 

The pulse quickens to a greater extent, the systolic and pulse 
pressure increase, the muscle strength of the hands decreases and, in 
a number of cases, asthenization, fatigue and reduction in efficiency 
of man can set in. In this case, the use of complex prophylactic 
means is fully substantiated (trainers, special suits, electrical 
stimulation of the muscles, pharmacological preparations, etc.), 
to increase the resistance of the bo2y to the effects of weightless- 
ness. 



It might be thought that more pronounced shifts in the physio- 
logical functions after performing physical workloads under weight- 
less conditions (fourth period) would be observed most often, when 
sufficiently effective prophylactic measures and protection were not 
used. As is shown by the results of the flights of the American 
astronauts in the Skylab orbital station, the employment of adequate 
physical loads (bicycle ergometer for a period of 1.5 hours per day, 
etc.) has turned out to be a very effective method of protection in 
active work of the astronauts, for a period of 56 days of flight. 

In this manner, on the basis of study of experimental data, 
it can be concluded that the physiological reactions observed under 
weightless conditions are caused by: 1) the direct effect of 
weightlessness, as a consequence of decrease ("disappearance1') of the 
weight of body tissues and organs; 2) the mediated effect of weight- 
lessness, as a result of changes in the functional state of the 
central nervous system and the cooperative work of the analyzers. 
The human body adopts to weightless conditiogs under the prolonged 
effects of it. In this case, four periods can be distinguished: 
the first period, a transitional precess lasting from 1 to 24 hours; 
second period, initial adapthtion to conditions of weightlessness 
and readjustment of all functional systems of the body, the third 
period, adaptation to the unusual mechanical conditions of the 

5 

external environment, lasting from 3 to 8 days and more; and the 
four", period, the stage of possible "imbalance" of the functions 
and the systems of some astronauts, as a result of the prolonged 
effect of weiqhtlessness. 



CHAPTER 2 

VESTIBULAR-SENSORY REACTIONS UNDER 
WEIGHTLESS CONDITIONS 

1. Leactions of Animals and People Under 
Conditions of Brief Weightlessness 

Experiments during brief weightlessness in aircraft and rocket& 
flights permit the reactions of the organism to be studied in the 
initial period of its action. An intense readjustment of the majority 
of functional systems takes place in this period. Physiological 
reactions arise, which affect the well-being and efficiency of a man 
under these conditions. 

Any maneuver of a spacecraft flight is accompanied by accelera- 
tions on the crew, after disappearance of which, weightlessness again 
sets in. The adaptation arising here apparently is similar in nature 
to the processes occurring in the initial period of the effect of 
weightlessness, i.e., the "initial" period of weightlessness can be 
repeated many times in a space flight. Weightlessness, precisely 
the initial period of it, is characteristic, not only of space, but 
of aviation flight. A pilot is in this condition in performing such 
maneuvers as "diving," "hanging loop," "tail slide," "parabolic 
flight," etc. The so-called reduced weightiness frequently arises 
in aircraft flights, for example, during the rapid loss of altitude 
in a landing approach. It should be noted that special precision 
in work is required in the initial period of weightlessness. At this 
time, an abundance of varied information is noted, coming in to 
the astronaut or pilot. 

The importance of parabolic flights in aircraft, for familiariz- 
ing future astronauts with the conditions of weightlessnc~s, as well 
as for working out various procedures and skills, applicable to space 
flight, is generally acknowledged. All this, as well as the relative 
simplicity of creating brief weightlessness and the possibility of /42 
use of persons without special prior training and, even, with some 
health defects, as subjects in these experiments, make flights along 
a parabola an important procedxre for biomedical studies of 
weightlessness. 

Weightless conditions have been created in an aircraft, during 
flight along a trajectory, which is close tc parabolic. Weightless- 
ness preceded (as well. as followed) g-forces. Under separate, 
controlled  condition^, weightlessness has been created, without the 
preceding g-forces. During a single flight, 6-10 cycles of weight- 
lessness have been executed. The par3uneters of the gravitaticnal- 
inertial factors generated in establishing weightlessness, in the 



course of this work, are presented in Table 14 (compiled by Ye. T. 
Berezkin). 

During the flights, the temperature, pressure and chemical 
composition of the air and the lever and spectral. composition of the 
noise in the aircraft cabins were maintained, in accordance with the 
standards adopted for passengex aircraft of the civil aviation fleet. 
2,920 weightless cycles were executed during the course of this work. 

Rczctions of Animals Curing Brief 
Weightlessness 

The task of this investigation was to study the behavioral 
reactions of various animals u,ed in the laboratory, in the initial 
period of action of weightlessness, and to determine the duration of 
their adaptation to the repeated effects of brief weightlessness. 

In the brief weightlessness experiments, the behavioral reac- 
tions of goldfish, frogs, lizards, pigeons, white mice, white rats, 
guinea pigs, rabbits, cats and dogs were studied. Ten animals of S 
each species, of random age and sex, were used. Special cubicles P' 
were arranqed in the aircraft cabin, and containers were installed, 
in which tne animals could soar freely during weightlessness. The 
containers were filled with water in the experiments with fish. 
The frogs were studied under weightlessness, in water and air 
environments. The behavior of the animals was recorded by use of 
motion picture photography, with subsequent frame-by-frame interpreta- 
tion. The number and nature of motions of the animals, as well- as 
the positions of the animals, relative to "up" and "downn of the 
aircraft cabin, were determined in different flight modes. 

No significant change was noted in motor activity of fish and /43 
amphibians in a water environment during weightlessness. Loss of 
orientation of "up" and "down" in the cabin was characteristic of 
this state. Extension of the rear extremities predominated in the 
frog under weightlessness, while hovering in the air environment; 
on the other hand, in the water environment, flexor reactions arose 
and motor activity decreased. While soaring under weightlessness, 
reptiles performed frequent movements of the feet and motions of the 
trunk, in the form of "coiling. " 

began, 
flew " 

n birds, at disappearance of the force of gravity, wing flapping 
in the form of continuous upward flight. As a result, they 

up" to the ceiling, turned around and flew to the floor and, 
further, again to the ceiling, etc. With the 2nd or 3rd cycle, this 
reaction was extinguished, and the birds hung in the air in an 
unusual posture, with the wings extended behind the back and with 
the tail feathers spread. They could cling to the cabin upholstery, 
retaining the posture with extended wings. Beginning in the 10-20th 
42 
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cycle, the birds hung in weightlessness, with folded wings and tail. 

The rr,otor activity of mammals increased under weightlessness. 
Motions initially arose, s i m o  running of the animals: in the 
mice and rats, "drumming," reciprocating motions of straightened 
extremities; in all the other animals,  jump^" (alternating bending 
and straightening of the trunk) and "drumming" motions of the extrem- 
ities. Simultaneously, rotating motions of the straightened tail 
was noted in the mammals,ex:ep~~ for the guinea pigs and rabbits; as 
a result of the torque reacti~n, the trunks began to rotate in the 
opposite direction. An increase in mo1:or activity was always 
accompanied by psychic e:;si':ement of the animals : with cries, 
dilation of the eye slits and xr~arked grasping reactions in the cats. 
All these reactions tobk place, from the very start of weightless- 
ness, on a background uf marked extension of the extremities and 
throwing back of the head. Activation of some vegetative functlor.~ 
of namals was noted in the experiments: an increase in salivc'ion, 
urination and defecation (which began under weightlessness) and 
perspiration in ths cats; there werc no cases of vomiting. With 
multiple repetition of weightlessness (Table 15), the "jumps" dis- 
appeared initially and, then, the "drl~rnming" motions with the paws 
The psychic excitement of the animals decreased sirr~ultaneously: 
They began to turn with the tail, continuing to hold it extended in 
the dorsal direction under weightlessness. After disappearance of 
the motor reactions, extension of the extremities and trunk began to 
be more noticeable. In proportion to adaptation of the animals, the 
extensor reaction disappeared. Under weightlessness, they hung in 
the air, clasping the paws to the abdomen, straightening them only 
to grasp some object near at hand. The behavior of the cats and 
dogs differed from the behavior of the other animals, by more rapi? 
onset of adaptation to weightlessness and a greater diversity of 
individual reactions. 

Despite such a sharp reaction of the different animals to wei~ht- 
lessness, it cannot be stated that this state is completely unkncvn 
to terrestrial creatures. Cessation of the effect of the force of 
gravity is experienced comparatively often by various or~jz~lisms 
under conditions of life on the ground. Arising 0n1:r during free 
fail, weichtlessness apparently signals the danyzr or a possible 
impact on the e a r t h  and, as a rule, it does not last more than 2-3 
sec. It seems to us that tile mechanisms of the physiological reactions 
caused by weightlessness should be ~nalyzed, based on a concept of /45 
the dynamics of the processes, which arise in the organisn duri:,g 
free fall. It is well known that falling causes extensor ("lifting") 
reactions of the extremities and trunk of an animal, rotating mctims 
of the tail (they stabilize the animal in the oncoming air stre-m) 
and activation of grasping reflexes. The biological meaning oi these 
motor acts consists of preparation of the posture ensuring the 
safest lar,,.incj. 



TABLE 15  

DUMTION OF ADAPTATION TO REPEATED ACTION OF WEIGHTLESSNESS OF 
.VARIOUS TYPES OF ANIMALS -- - - -  - - -- . -. - 

T o n i c  ~ e a c t i o n s  
p e r i o d o f  \ P e r i o d  of  1 ;action 

None 

/weight- 
l e s s n e s s  
i n  which 
e x t i n c t i o n  I o f  reac-  , 
t i o n  t a k e s ,  
p lpce  -- . j Reaction 

I 

weight- 
l e s s n e s s  
i n  which 
e x t i n c t  ion  
of  reac-  
t i o n  t a k e s  Class  and Species  

of Animal 

F i sh  
Amphibians i n  

water  environ- 
ment 
I n  a i r  en- 
vironment 

-- , None 
-- ;F lex ing  of 

] e x t r e m i t i e s  

-- 
' A t  l e a s i  15 
I 
I 
i 
I same 
1 

J e r k i n g  of 
r e a r  extremi- 
t ies  
Motions 
s i m i l a r  t o  
"running" 
"Coi l ing"  
"Continuous 
upward 

I f l i g n t  I' 
I' Kunning " 

/Extens ion of  
/ e x t r e m i t i e s  
land t runk  

R e p t i l e s  
same 

I A ~  l e a s t  10 
I . :i 

Birds  Wings spread 
o u t  behind 
back 
Extension of 
e x t r e m i t i e s  
and t r u n k  

Mammals: White 
mice 

l io ta t ion  of 
t a i l  
I' Running " 

Rota t ion  of 
t a i l  

Wnite r a t  

Guinea p i g s  

Rabbits 

Cats  

"Jumps 'I 
" Running " 
"Jumps 
"Running" 
Motion of 
e n t i r e  t runk 
and paws 
Rota t ion  of 
t a i l  
Motion wi th  Dogs 

t a i l  



Similar reactions have been noted (0. G. Gazenko et al., 1968; 
Henry et al., 1952; Beckh,1954) in animals, in the initial period of 
weightlessness in flights in aircraft and satellites. In motor 
excitation, tonic (extensor) reactions of the extremities and trunk 
and motor reactions (prehensile motions with the tgil, reciprocal 
"drumming" motions of the extremities, motions in the form of jumps) 
can be distinguished (L. A. Kitayev-Smyk, 1963b). The similarity of 
the motor reactions in the initial period of weightlessness and in 
falling indicate that the animals apparently perceive this period as 
falling. Weightlessness lasting more than 2-3 sec has no phylogenetic 
or ontogenetic precedents. ~ n d ,  becoming a signal of extreme danger, 
causes elements of a defensive "running away" reaction (motion, in 
tne form of jumps an6 running, cries, dilation of the eye slits, 
etc.). G. Megun (19653 indicates that the reciprocal flexing of the 
extremities, combined with straightening the back, continually 
arises in direct stimulation of the reticular formations, in which 
the impossibility of inducing reticulospinal inhibition is explained 
by the functions of the cortex, reducing the excitability of the 
medulla oblongata. Removal of the regions of vestibular representa- 
tion to the cortex prevents development of motor excitation of cats 
under weightlessness (Schock, 1961). 

In weightlessness, created in closed aircraft cabins, satellites, 
etc., information coning from the gravireceptors (vestibular, muscu- 
locutaneous) and a number of interoceptors is evidence of disappear- $ 
ance of the reactions of defense, of falling, i.e., of danger for r 
the body of the anirr.al or man of disruption of stability of the 
surroundings. At the same time, vision signals the absence of 
changes in space: the same walls, floor and ceiling of the cabin are 
visible. In this manner, twc contradictory information flows arise. 
In analyzing the functioning of various sensory systeins, Holst (1951) 
proposed that, in the case when contradictory reports come from 
different receptors "neutralization," "extinction" of them takes 
place in the lower brain centers and only the "residue of the 
predominant signal" reaches the higher centers. 

The results of experiments with animals under brjef weightless- 
ness confirm the opinions expressed. Evidently, by virtue of the 
predominant intportance of the vestibular and motor analyzers over 
the visual in spatial perception (E. Sh. Ayrapetyants, 1960; 
I. 5 .  Beritov, 1961), after disappearance of the force of gravity, 
motor reactions arose in the animals, characteristic of free fall 
under natural conditions, in conformance with the gravirecepter 
information. The motor activity of the animals decreased, in 
proportion to advance of adaptation to weightlessness. 

It might be thought that the duration of adaptation to repeated 
weightlessness depends, not so much on the evolutionary level of the 
animal, as on its ecological pecularities. Fish and amphibians, 
living in an immersion environment, are practically devoid of defense 
reactions. Moreover, they can move in three dimensions, which 



creates natural adaptation to small changes in the force of /46 
gravity, Obviously, all this caused the absence of motor excitation 
in them under weightlessness, while in the immersion environment. 
The differences in motor activities of the amphibians, under weight- 
lessness in the water and the air environment, are evidence of the 
importance of tactile signals in forming motor reactions to weight- 
lessness. The relatively short period of adaptation of birds to 
weightlessness, in all likelihood, also was caused by their natural 
adaptation to decreases and increases in the force of gravity, 
frequently arising in flight. The period of adaptation to weigktless- 
ness of cats and dogs is shorter than that of mice and rabbits, 
certainly because .Lhe visual analyzers of carnivores is more highly 
developed than that of rodents (D, A, Biryukov, 1960). 

'ntei-action of analyzers in animals 
during brief weiqhtlessness 

For the purpose of analysis of the interaction of the visual 
and vestibular analyzers after disappearance of the force of gravity, 
experiments were performed in parabolic flights, with the vision 
and vestibular apparatus of the animals disengaged. 

The experiments were performed with 24 rabbits, 8-10 months old, 
of both sexes, and with 18 cats of random age and sex. Disengagement ,.S 
of the vision of the animals was accomplished, by means oi special Y‘ 
light-impermeable masks placed over the eyes of the animals. The 
vestibular apparatus was disengaged in rabbits, by the method of 
Tsipin and Grigor'yev (1959) and, in the cats, by the method of 
De Klein, 1812). 

The investigation carried out showed that, with the vision cut 
off, the motor activity of the animals increases sharply under weight- 
lessness and the period of adaptation to it is lengthened (Table 16). 
While motor excitation of intact rabbits disappeared in the 5-dth 
cycle of weightlessness, the "jumpsn and "drumming" motions of the 
paws was retained in the 36th cycle in animals, the vision of which 
was cut off during the flight. In flight, beginning with the 37th 
cycle, their eyes were opened; in the 40th cycle of weightlessness, 
the motor reactions of these rabbits disappeared. Subsequently, the 
masks were then placed on them again, cutting off the vision, but 
the motor excitation under weightlessness did not again arise. 
Cutting off the vision of rabbits, staying 6-8 times under weightless- 
ness with open eyes, also either did not cause an increase in motor 
activity upon disappearance of the force of gravity, or vague, 
quickly disappearing motions arose. 

In animals with the bony labyrinth removed, in the absence of 
visual compensation for the lost functions, when the flight experi- 
ments were carried out on the 2nd or 3rd day after the operation, 
the motor activity in weightlessness arose; however, there was no 
extension of the extremities and trunk. Cutting off the vision had 
no significant effect on the behavior of these animals under weight- 
less conditions. 47 



TABLE 16 

DURATION OF ADAPTATION TO WEIGHTLESSNESS OF RABBITS AND CATS, 
WITH THEIR VISION AND VESTIBULAR APPARATUS DISENGAGED 

Intact 

No. of 
Animals Motor Reaction 

With vision cut- 
off 

Tonic Reaction 

6 

~onylabyrinth 
removed with- 
out ground 
visual com- 

3 

Bonylabyrinth 
removed with 
ground vis- 
ual compen- 
sation 

Bony labyrinth 1 3 
removed with 
ground visu- 
al compensa- 
ti- mad vision 
cutoff 

pensation I 
3 

Unilateral re- 
moval of bony 
labyrinth 

3 

Disap- 
pears in 
6-12th 
cycle of 
weight- 
lessness 

I 
F 

I 3 / Disap- 
ipears in 
/ 6-8th 
jcycle of 
I weight- 
!lessness 
! 

Does not dis%ppear 
in 24 cycles 

Cat 

Disap- 
pears in 
3-8th 
cycle of 
weight- 
lessness 

not Disap- 
pears in 

cycle 

Absent 

Rabbit 

Disap- 
pears in 
15-20th 
cycle of 
weight- 
lessness 

Disap- 
pears in 
10th 
cycle 

roes not disappear 
in 36 cycles, 
accompanied by 
rotation* 

Does not disappear 
in 36 cycles* 

Absent 

same 

Does not disappear 
in 36 cycles, 
asymmetric 

Absent 

-. . 

*~bservations were not carried out in subsequent cycles. 



Animals with thebonylabyrinth removed, in which compensation 
for the lost functions was formed to a considerable extent, hung 
peacefully in the air, without motion, with intact ;ision. If the 
vision of these animals was cut off, as a rule, 1.5 sec after the 
onset of weightlessness, they began vigorous motions, in the form of 
"junlps," with adaptation to weightlessness not arising during multiple 
repetitions of the experimental cycles. 

In unilaterally labyrinthectomized animals, regardless of the /47 
tine after the operation, both with vision intact and cut off, 
vigorous motion, in the form of asymmetrical "jumps," began under 
weightlessness. As a result, quite rapid rotation of the animals in 
the air arose (1-1/2 - 2 revolutions per second), Adaptation to 
weightlessness was not observed in repetition of it, in animals with 
one bony labyrinth. 

Thus, it might be supposed that the impulses from the gravi- 
receptors, signaling falling, causes formation of the behavioral 
reactions described above (mator excitation of the animals, on a 
background of hypertension of the extensors of the extremities and 
the trunk). Visuai information as to the stability of the environ-/48 
ment facilitates disappearance of these reactions and adaptation to 
weightlessness. Upon cutting off the vision, as these experiments 
have demonstrated, the process of adaptation to the new gravitational 
conditions is disrupted. ,8 

u' 
In the absence of visual compensation (substitution) of the 

labyrinth functions in labyrinthectomized animals, the behavior was 
formed, in conformance with information entering from the musculo- 
cutaneous analyzer and, possibly, from visceroreceptors. Signaling 
the disappearance of the force of gravity, this information caused 
notor excitation of the animal. In this case, the visual analyzer 
did not have a decisive effect on the process of behavior formation: 
not being dominant in animals, it possibly even lost its importance 
in developnent of adaptation, because of destruction of the integrity 
of the analyzer system, in connection with cutting out the labyrinths. 

With visual compensation after labyrinthectomy and with intact 
vision, motor excitation of the animals did not arise under weightless- 
ness. 

This phenomenon has been described by a number of authors (Henry, 
et al., 1952; Schock, 1961, and others). In this version of the 
test, it might be thought that vision, becoming gredorninant over the 
spatial analyzer, provided information on stability of the surround- 
ings under weightlessness, and that this prevented the formation of 
motor excitation. 

The experiments with unilaterally labyrinthectomized animals 
give evidence in favor of the opinion stated, on the nature of the 
interaction of the analyzers under weightlessness. As a consequence 



of the rotation generated in them, in the absence of support under 
weightlessness, vision could not signal stability of the surround- 
ings. During the experiment, the asymmetry of the body served as an 
additional source of signals on spatial distortions. As a result, 
vigorous motor reaction arose in these animals, after the disappearance 
of the force of gravity, without any signs of adaptation in repeated 
cycles of weightlessness. 

It should be noted that cutting out the vision of intact animals 
which had been under weightlessness with open eyes, did not cause the 
same degree of motor excitation upon disappearance of the force of 
gravity, as in animals, which were always under these conditions with 
the bandages on the eyes. Consequently, not only visual signals, but 
visual memory of the stability of the surrounding situation, may 
favor adaptation to weightlessness. 

Bioelectric activity of the brain in 
brief weightlessnessL 

Bioelectric activity can be an indicator of participation of 
various sections of the brain i~ formation of physiological reactions. 
Study of it, in flights along a parabolic trajectory, was the purpose . 
of this section of the work. 

The experiments were conducted on two cats and one rabbit , .$ 
adapted to weightlessness, with permanently implanted surface and 
buried electrodes. The biopotentials were taken by the unipolar and 

f 
bipolar methods. During the test, the animals were in a shielded 
cage, in a fixed position. The tests were performed primarily on 
unanethetized animals, and, only in isolated tests, the cats were - /49 
under light membutal narcosis. 

The electrical activity was recorded in the following sections 
of the brain: 1) the anterior section of the suprasylvian and 
ectosylvian gyrus (three points), which is considered to be the 
location of the cortical projection of the vestibular analyzer 
(Anderson, Gernandt, 1954; Mickle, Ades, 1954); 2) the optic area; 
3) the auditory area; 4) the orbital area (projection IX and 
charda timpani). In the subcortical regions, the electrical activity 
was recorded in the anterior-lateral section of the 1,;3cthalamus 
and the inner and outer geniculate bodies. 

The most characteristic and marked changes were revealed in the 
anterior section of the suprasylvian and ectosylvian gyrus. With 
the onset of g-forces, preceding the period of weightlessness, a 
picture of marke2desynchronizationof the rhythm was observed in the 
electrocorticogram (EKoG) which, as a rule, was persistently retained 

e  he work was performed jointly with A. M. Klochkov. 



until the onset of weightlessness. Beginning in the first seconds 
of weightlessness, the amplitude of the oscillations increased and 
a noticeable shift in the frequency characteristics of the EKoG 
began, in the direction of slower oscillations. Instability of the 
EKoG rhythm and the presence of mixed waves were characteristic. In 
the period of 25-30 seconds of weightlessness, there was an exchange 
several times, of the high-amplitude a-like waves by a quick low- 
amplitude rhythm and vice versa, In this case, the high-amplitude, 
slower oscillations predomhate nevertheless, in the first 5-8 sec 
of weightlessness. The nature of change in the EKoG under g-forces, 
following a period of weightlessness, was similar to that, which is 
observed during the preceding g-forces. 

The authors, considering localization of the cortical representa- 
tion of the vestibular function of the anterior section of the supra- 
sylvian and ectosylvian gyruses, distinguish three separate points, 
corresponding to projections cf individual sections of the vestibular 
apparatus into the cortex: the utricle, lateral semicircular canal 
and upper semicircular canal. We located electrodes corresponding 
to these points. However, we could not notice any differences in the 
measurements of bioelectric activity under weightlessness and g- 
forces, in unipolar recording. 

Beside the vestibular area of the cortex, the same changes, but 
less expressed, sometimes were encountered in the visual area of the ..8 
cortex, especially under g-forces. The effect of g-forces on the 
EKoG was moz? intense, and it frequencly caused changes in the latter, 

f 

where no changes were observed under weightlessness. During the 
transition from weightlessness to subsequent g-forces, which takes 
place over a period of 1-1.5 sect bursts of groups of high-amplitude 
a-like waves, 2-9 sec long, appeared regularly. Such a-like wave 
bursts appeared several times, during the transition fror. normal 
gravity to g-forces. As has already been noted, the onset of weight- 
lessness also is characterized by appearance of high-amplitude a- 
waves. Thus, all transition states during changes in gravitation 
were characterized by the appearance of groups of a-like waves, 

i after which a picture develops, which is characteristic of one type 
of gravitation or another, desynchronization under g-forces and 
mixed rhythrne under weightlessness. 

In taking off the biopotentials from the subcortical centers, 
the relative resistance of their bioelectric activity was noted, to 
the effect of weightlessness an? g-forces. In the same cases, when 
changes in bioelectric activity of these formations tool: place, 
their nature differed from the changes observed in the cerebral 
cortex. Under g-forces, some i:-.crease was noted in the number of 
slow oscillations with high amplitude, and the picture of mixed /50 
waves was not observed, i.e., here, there was no desynchronization 
of the rhythrr, which is characteristic of the cortex. Under weight- 
lessness, oscillations with a frequency of 14-16 He and high 
amplitude were predominant, and both the very rapid and slow oscil- 
lations were almost absent. In this case, the biopotential frequency 
was somewhat higher than in horizontal flight and under 9-forces. 



A s  a  p e c u l i a r i t y  of  t h e  s u b c o r t i c a l  c e n t e r  r e a c t i o n s ,  it should  be  
noted t h a t  t h e  changes desc r ibed  above d i d  n o t  a r i s e  immediately a t  
t h e  moment of  change i n  g r a v i t a t i o n ,  b u t  t h a t  they  developed compara- 
t i v e l y  s lowly,  and t h e  p i c t u r e  of t h e  preceding pe r iod  was s t i l l  
preserved i n  t h e  f i r s t  3-4 sec a f t e r  t h e  change. 

A l l  t h e  changes i n  b i o e l e c t r i c  a c t i v i t y  of  t h e  c o r t e x  and sub- 
c o r t i c a l  formations desc r ibed  above were observed most d i s t i n c t l y  i n  
animals  i n  t h e  waking s t a t e .  I n  experiments  us ing  l i g h t  Nembutal 
n a r c o s i s ,  t h e  n a t u r e  of t h e  changes remain t h e  same, b u t  t h e  degree 
of  express ion  was considerab1.y reduced. The comparison of  t h e  
normal and c o n t r o l  samples of  we igh t l e s sness  ( a f t e r  h o r i z o n t a l  f l i g h t )  
showed t h a t  t h e  d i r e c t i o n a l  n a t u r e  of t h e  changes i n  EKoG w a s  t h e  
saRe i n  both  cases ;  however, wi th  g-forces preceding,  t h e  changes 
were more s i g n i f i c a n t  under weight lessness .  

I n  t h i s  manner, t h e  experiments  c a r r i e d  o u t  showed t h a t ,  dur ing  
brief we igh t l e s sness ,  t h e  EKoG frequency decreases  and ampli tude 
i n c r e a s e s  i n  inunobilized animals ,  i n  t h e  reg ion  o f  t h e  l i k e l y  ves t ib -  
u l a r  and, t o  a lesser e x t e n t ,  v i s u a l  c o r t i c a l  r e p r e s e n t a t i o n s .  
The changes i n  e l e c t r i c a l  a c t i v i t y  of  t h e  s u b c o r t i c a l  c e n t e r s  under 
we igh t l e s sness  were less pronounced than those  i n  t h e  cor tex .  

S i m i l a r  data were ob ta ined  by R. Grandpierre (1968) ,  i n  record-  
i n g  EEG of r a t s ,  c a t s  and monkeys i n  a i r c r a f t  and r o c k e t  f l i g h t s .  
Under we igh t l e s sness ,  s p i n d l e s  of  high-amplitude slow waves appeared 
i n  t h e  EEG. I n  some c a s e s ,  they  were found i n  t h e  EEG of t h e  
r e t i c u l a r  formation. The a u t h o r  t h i n k s  t h a t  " t h i s  type  of a c t i v i t y  
is t y p i c a l  of  t h e  i n t e r n a l  i n h i b i t i o n  o r  of g r e a t  r e l a x a t i o n ,  be fo re  
t h e  t r a n s i t i o n  t o  s l e e p . "  

Data i n  t h e  i i t e r a t u r e ,  on r e p r e s e n t a t i o n  of t h e  v e s t i b u l a r  
f u n c t i o n s  i n  t h e  c o r t e x  a r e  ambiguous. Some a u t h o r s  cons ide r  i t s  
l o c a l i z a t i o n  t o  be t h e  p o s t e r i o r  s e c t i o n s  of  t h e  suprasy lv ian  gyrus 
and o t h e r s ,  t h e  a n t e r i o r  s e c t i o n  of t h e  suprasy lv ian  e c t o s y l v i a n  
gyrus. 

Our s t u d i e s ,  showing t h a t  t h e  most pronounced changes i n  t h e  
EKoG dur ing  changes i n  g r a v i t a t i o n  a r e  observed i n  t h e  a n t e r i o r  
s e c t i o n  o f  t b , e  suprasy lv ian  and e c t o s y l v i a n  gyrus ,  a r e  evidence i n  
f a v o r  o f  t h e  l a t t e r  p o i n t  of  view. The presence of s i m i l a r  changes 
i n  t h e  v i s u a l  zone of t h e  c o r t e x  apparen t ly  i s  caused by t h e  c l o s e  
i n t e r r e l a t i o n s h i p s  o f  t h e  v e s t i b u l a r  and v i s u a l  ana lyze r s .  

The r e g u l a r  appearance of  a - l i k e  wave b u r s t s  dur ing  t r a n s i t i o n a l  
modes, most o f t e n  dur ing  t h e  o n s e t  of we igh t l e s sness ,  a r e  caused by 
changes i n  l i n e a r  a c c e l e r a t i o n ,  r a t h e r  than  angu la r  a c c e l e r a t i o n ,  
a r i s i n g  dur ing  t h e  t r a n s i t i o n a l  mode. 

I n  a d d i t i o n  t o  t h e  e f f e c t  on t h e  v e s t i b u l a r  appara tus ,  t h e  
g r a v i t a t i o n a l - i n e r t i a l  f a c t o r s  can have a d i r e c t  mechanical e f f e c t  



on the brain tissue, and a mediated effect also could take place, 
as a result of disruption of the hemodynamics. Both could also 
cause changes in the electrical activity of the brain. However, in 
this case, the eC€ect of change in gravity should be manifested to 
the same extent in different regions of the cortex. 

Role of the cerebellum in adaptation 
of animals to weightlessness3 

The level of bioelectric activity of the cerebellum changes 
under weightless conditions (Te:zuolo, Terzian, 1953). Together wit 
this, there are d a t ~  on chmge in frequency of the electrical 

P 
discharges of the stem neurons of the Deiter'e nuclei, during polari- 
zation of the anterior lobes of the cerebeiium anh of the labyrinths 
(De Vito, et al., 1956; Pompeiano, Cotti, 19561, as well as a series 
of data on convergence of the labyrinth, visual and proprioceptive 
discharges to the cerebellum (I. S. Beritov, 1960; Moruzzi, 139; 
Gualtierotti, et al., 1961). This indicates participation of the 
cerebellum in motor coordination and spatial orientation. 

To ascertain the role of the cerebellum in formation of postural 
and motor reactions under weightlessness, experiments were carried . 
ou; on cats with the cerebellums removed. 

,Y 
The cerebellum was completely removed from one cat 4 months 

before the experiments. Up to the time of the tests, the principal r' 
symptom of the "dynamic period," accompanying cerebellectomy -- 
extensor rigidity of the extremities -- were completely absent in 
it (the animal could move for a short time, only along walls; and 
compensation for the act of standing appeared a month after this 
operation). The loop-shaped lobes, with the dorsal and ventral 
paraflocculi adjacent to them were removed from another cat 5 
months before the tests. The method of removal of the cerebellum 
and the nature of certain motor disorders have been described by 
R. A. Grigor'yan (1963). Two intact cats were used as controls. 
Each animal was exposed to weightlessness 12 times. To eliminate 
adjusting movements relative to the nearest surface, the visfoc of 
the aniinals was cut off, by means of masks, in some experiments. 
Before the start of the experiments under weightlessness and after 
completion of them, the vestibular status of the animals was examined, 
including the status with the vision cut off. The head and extremity 
lifting reflexes, the reflex of readiness to jump, the turnover 
reaction, as well as the adjusting reflexes, were studied. 

The experiments showed that, under weightlessness, the motor 
activity of intact animals increased sharply. This was rioted in the 

3 ~ h e  work was performed jointly with 0. G. Gazenko, R. A. 
Grigor'yan and A. M. Klochkov. 



initial stage of adaptation to weightlessness, on a background of 
the characteristic predominance of the extensor tonus of the muscles 
of the back, neck and extremities. However, this was noted only in 
the first cycles of weightlessness. Subsequently, in proportion to 
repetition of weightlessness, the animals gradually adapted to the 
changed conditions, and their motor activity noticeably decreased. 
Thus, random swinging of the paws stopped in the 3rd period of weight- 
lessness; the posture with the straight back and straightened 
extremities was not observed in the 4th-5th period, and rotation of 
the tail stopped after the 7th period of weightlessness. Cutting 
off the vision of the intact cats, by means of tying on masks before 
the 7th period of weightlessness, somewhat increased the motor 
activity of the animal; beginning with the 8th-9th period, cutting 
off the vision did not have an effect on the motor behavior of the 
animals. 

In distinction from the normal cats, the sharply expressed 
state of extensor rigidity of the muscles of the trunk, neck, posteri- 
or and, especially, the anterior extremities were characteristic of 
the cats with the cerebellums removed, which greatly exceeded the 
similar changes in tonus of the control animals. The animals swung 
with taut extremities, bending then only at the shoulder and pelvis- 
femoral joints, and they rotated with nearly straight tails. During 

. 
the 12 experiments, a decrease in these phenomena was not noted. /52 
Rhythmic pendulumlike movements of the extremities (1-2 per sec) were .S 
observed, only during the first 4-6 periods of weightlessness. 
During these sessions, the animals attempted to grasp surrounding f 

objects, but they could not do this, because of the sharp predominance 
of the extensor tonus in the extremities. 

Cutting off the vision of the acerebellar animal had practically 
no effect on the nature of its motor activity under weightless 
conditions. The motor activity of the cat with the partially removed 
cerebellum was strongly increased, an attempt to grasp surrounding 
objects was noted, in which the muscles of the trunk contracted a- 
s~metrically on the unoperated side, with bending of the longitudinal 
axis of the body to the right and rotation of the animal to the left: 
initially, it rotated the head, anterior portion of the trunk followed 
it and, subsequently, with a jerk, the posterior section performed 
the same movement. It was noted that the continuous rotating move- 
xr~ents of tht. tail were performed in the direction, opposite to the 
rotation of the trunk. If the animal succeeded in grasping surround- 
ing objects, the motions described stopped quickly. With the vision 
cut off, the motor agitation of the animal with the partially removed 
cerebellum noticeably increased. 

In comparing the results of the vestibular status of the 
experimental animals before conduct of the experiments in weightless- 
ness and after them, no differences were found. The lively vestibu- 
lar reflexes of the intact animals indicated normal functioning of 
the vestibular analyzer. 

The postural vestibular reflexes of the animal with the cere- 
bellum removed also were preserved; however, the nature of them was 
54 



changed, because of t h e  presence of dyskines ia :  t h e  a d j u s t i n g  
r e f l e x e s  of t h e  body and head and t h e  l i f t i n g  r e f l e x e s  of t h e  
e x t r e m i t i e s ,  i n  d i s t i n c t i o n  from t h o s e  of t h e  i n t a c t  animal,  took 
p l a c e  on a background of inc reased  ex tens ion  of t h e  e x t r e m i t i e s  and 
t runk ;  t h e  r e f l e x  of  r e a d i n e s s  t o  jump was w e l l  expressed ,  and t h e  
turnover  r e a c t i o n  was accomplished even more qu ick ly  than  t h a t  of  
t h e  i n t a c t  animal. While a complete tu rnover  ended i n  0.5 s e c  i n  
t h e  c o n t r o l  animal,  a complete tu rnover  ended i n  0.25 sec i n  t h e  
a c e r e b e l l a r a n i m a l .  I n  c o n t r a s t  t o  t h e  i n t a c t  animal ,  s o f t  l and ing  
on t h e  paws was a b s e n t  i n  t h e  a c e r e b e l l a r  and, a f t e r  landing,  t h e  
animal moved back. 

A l l  v e s t i b u l a r  r e f l e x e s  were no t i ceab ly  inc reased  i n  t h e  animal 
w i t h  t h e  p a r t i a l l y  removed cerebellum; t h e  tu rnover  r e f l e x  took 
p lace  more r a p i d l y  than  t h o s e  of t h e  i n t a c t  and a c e r e b e l l a r  animals .  
A complete t u r n  of t h e  t r u n k  f o r  landing ended 0 .2  s e c  a f t e r  throw-. 
i n g  it upside-down wi th  t h e  hand. Turning over  was accompfished 
through t h e  l e f t  shoulder ;  i n  f a l l i n g ,  asymmetry of t h e  t runk  
(bending t o  t h e  r i g h t )  and marked ex tens ion  of  t h e  a n t e r i o r  e x t r e m i t i e s  
of t h e  opera ted  s i d e  were noted. Conduct of t h e  v e s t i b u l a r  tests on J 

t h e  animals wi th  p a r t i a l l y  removed cerebel lums caused a cons ide rab le  
i n c r e a s e  i n  t h e i r  aggress iveness .  

I t  i s  known t h a t ,  under e a r t h  c o n d i t i o n s ,  hypertonus of t h e  
ex tensors  a r i s e s  i n  e a r l y  pe r iods  a f t e r  cerebel lectomy -- " c e r e b e l l a r  :S 
r e l e a s e "  ( B a t i n i ,  e t  a l . ,  1956) o r  a f t e r  dece rebra t ion  of  t h e  animals  k' -- "decexebrat ion r i g i d i t y . ' '  I n  t h e  f i r s t  c a s e ,  it is  connected wi th  I 

e l i m i n a t i o n  of t h e  t o n i c  i n h i b i t i v e  a c t i o n  of t h e  f a s c i c u l a r  n u c l e i  
of t h e  cerebel lum on t h e  v e s t i b u l a r  n u c l e i  of t h e  stem (Sprague, 
Chambers, 1954; DP Vito ,  e t  a l . ,  1950).  The c e r e b e l l a r  n a t u r e  of  
t h e  ex tensor  a l l e v i a t i o n  a l s o  is demonstrated i n  tests w i t h  a p p l i -  
c a t i o n  of s t rychn ine  t o  t h e  c o r t e x  of t h e  paleocerebel lum (Terzulolo ,  
Terz ian ,  1953).  I n  t h e  second c a s e ,  t h e  hypertonus i s  connected 
wi th  e l i m i n a t i o n  of  t h e  c o r t i c a l  mesencephalic i n h i b i t i n g  /53 
in f luences .  Impulses from t h e  l a b y r i n t h s  ( Y e .  M.  Yuganov, e t  a l . ,  
1953; Moruszi, 1950) and t h e  musculocutaneous r e c e p t o r s  ( B a t i n i ,  e t  
a l . ,  1956) ,  have an impor tant  r o l e  i n  r e g u l a t i o n  of p o s t u r a l  tonus.  

According t o  electromyography d a t a  ( Y e .  M. Yuganov, e t  a l . ,  
1963) ,  t h e  tonus  of t h e  ex tensors  of d e c e r e b r a l i z e d  animals  i s  de- 
c reased  under we igh t l e s sness  and by c o n t r a s t ,  it is  inc reased  i n  t h e  
a c e r e b e l l a r  a n i m a l s ,  as is e v i d e n t  from t h i s  s tudy.  

Compensation f o r  t h e  c e r e b e l l a r  r e l e a s e  symptom i s  bound mainly 
t o  t h e  i n h i b i t i n g  in f luence  of t h e  b r a i n  stem and s p i n a l  celumn 
( B a t i n i ,  e t  a l . ,  1956) ,  as w e l l  a s ,  t o  a c e r t a i n  e x t e n t ,  of  t h e  
c e r e b r a l  cort.ex (Moruzzi, 1959).  However, t h i s  compensation 
apparen t ly  i s  incapable  of completely r e p l a c i n g  t h e  c e r e b e l l a r  
i n h i b i t i o n  and, t h e r e f o r e ,  t h e  a d a p t a t i o n  t o  we igh t l e s sness ,  which is  
observed i n  t h e  normal c a t s ,  could n o t  be found i n  t h e  a c e r e b e l l a r  
c a t s  i n  our  experiments.  



Adjus t ing  $ 
weight lessne6s  

This  series of e q e r i m e n t s  had t o  answer t h e  ques t ion  a s  t o  how 
long t h e  o r i e n t i n g  e f f e c t  of t h e  f o r c e  of  g r a v i t y  cont inues  t o  show 
up i n  t h e  a d j u s t i n g  r e a c t i o n s  of  an  animal a f t e r  disappearance of  
g r a v i t y ,  which s e r v e s  a s  a  r e f e r e n c e  p o i n t  f o r  t h e  a d j u s t i n g  r e d c t i o n s  
i n  weight lessness .  By " a d j u s t i n g  r e a c t i o n s , "  w e  understand t h e  
S t e l l u n g s r e f l e x  of Magnus (1925).  W e  r e c a l l  t h a t  some Russian a u t h o r s  
t r a n s l a t e  t h i s  term a s  " s t r a i g h t e n i n g  r e a c t i o n s "  (A. V. Samoylov, 
1927).  

Tests under we igh t l e s s  cond i t ions  were c a r r i e d  o u t  on i n t a c t  
animals  ( 3  c a t s ,  6 r a b b i t s )  and on labyr in thectomized ones (2 c a t s ,  
3 r a b b i t s ) .  A l l  animals  were adapted t o  t h e  e f f e c t  o f  we igh t l e s sness ,  
i .e . ,  t h e i r  motor a c t i v i t y  d i d  n o t  change w i t h  disappearance of t h e  
e f f e c t  of  g r a v i t y .  The fo l lowing serizs of  experiments was performed: 
1) o e f o r e  o n s e t  of we igh t l e s sness ,  t h e  animals  were immobilized by 
t h e  t runk and head, i n  t h e  back down p o s i t i o n .  Under w e i g h t l e s s  
cond i t ions ,  a f t e r  v a r i o u s  pe r iods  of  t i m e  a f t e r  I ts o n s e t ,  t h e  animal 
was re leased .  The presence o f  t h e  " turnover  r e a c t i o n "  was determined;  
2 )  i n  t h e  absence of  t h e  e f f e c t  of  g r a v i t y ,  t h e  animal,  immobilized 
by t h e  t runk ,  was turned over  around i t s  l o n g i t u d i n a l  a x i s .  The . 
p o s i t i o n  of t h e  head was determined; 3) b e f o r e  o n s e t  of weight less-  
n e s s ,  t h e  animal was immobilized by t h e  t runk  and head, wi th  t h e  
head being tu rned  by 90° from t h e  t r u n k ,  around t h e  l o n g i t u d i n a l  6 
a x i s  of  t h e  l a t t e r .  During we igh t l e s sness ,  t h e  animal was r e l e a s e d  f' 
and t h e  n a t u r e  of s t r a i g h t e n i n g  o u t  of t h e  animal was determined; 
4)  i n  t h e  absence of g r a v i t y ,  t h e  animals  were cbserved,  s o a r i n g  
around t h e  f l o o r ,  w a l l s  o r  c e i l i n g  of  t h e  a i r c r a f t  cabin.  The 
presence of  v i s u a l  a d j u s t i n g  r e a c t i o n s  was determined; 5) under 
w e i g h t l e s s  c o n d i t i o n s ,  r e a c t i o n s  t o  forward motion were s t u d i e d :  
a )  r e a c t i o n  of t h e  head; k) l i f t i n g  r e a c t i o n s ;  c) read iness  t o  jump; 
6 )  10-15 s e c  a f t e r  o n s e t  of we igh t l e s sness ,  t h e  animal was immobilized 
by t h e  t runk  and head and r a p i d l y  ( i n  0.3-0.5 s e c )  r o t a t e d  by 180' 
around t h e  l o n g i t u d i n a l  a x i s  and was immediately re leased .  The 
s u b s e q u e n t r e a c t i o n o f  t h e  animal was determined. Before and a c t e r  
f l i g h t  experiments ,  t h e  v e s t i b u l a r  s t a t a s  of a l l  animals was d e t e r -  
mined under n a t u r a l  g r a v i t y .  A t o t a l  of  240 experiments  under 
we igh t l e s s  c o n d i t i o n s  and 170 experiments  under n a t u r a l  g r a v i t y  were 
performed. I n  a l l  t e s t s  wi th  t h e  c a t s ,  wi th  t h e  except ion  of s tudy  
of t h e  v i s u a l  adjustment  under we igh t l e s sness ,  l ight-impermeable 
bandages were placed over  t h e  eyes  of  t h e  animals.  The experiments  
w i t h  t h e  r a b b i t s  were performed, both  wi th  and wi thout  c u t t i n g  o f f  
t h e  v i s i o n .  

I t  was shown i n  t h e  f i r s t  s e r i e s  of tests t h a t  t h e  " tu rnever  
reaction! '  a r o s e  i n  r e l e a s e d  animp.1~ wi th  i n t a c t  l a b y r i n t h s ,  no t  more 
than  4-5 s e c  a f t e r  t h e  onse t  of  we igh t l e s sness .  This  r e a c t i o n  was 
absen t  i n  labyr in thectomized animals .  I n  series 2 ,  upon t u r a i n g  
t h e  animal w i t h  i n t a c t  l a b y r i n t h s  over  under we igh t l e s sness ,  i t s  
f r e e  head lagged behind t h e  t runk i n  t u r n i n g .  By 1-3 sec a f t e r  
completion of t h e  t u r n i n g  of t h e  t r u n k ,  t h e  head a l s o  completed the@ 



turn, proving to be straight relative to the trunk. After laby- 
rinthectomy, the lagging of the head in turning the animal was not 
observed. In series 3, upon releasing the animal with the previously 
turned head under weightlessness, the head of '::.> animal with intact 
labyrinths remained fixed, and the trunk turne~ to a straight 
position relative to the head. 

By contrast, the head of the labyrinthectomized mima1 turned, 
with the trunk not moving. Series 4 displayed a visual adjusting 
reaction under weightlessness in all animals, in the form of turning, 
after which the legs of the animal proved to be directed towards the 
nearest surface, regardless of whether it was the floor, wall or 
ceiling. This reaction was more pronounced in cats; it was displayed 
in rabbits, in cases, when they soared at a distance of not over 
15-20 cm from some surface. 

No reactions were found to forward movements (series 5) in our 
experiments under weightlessness. 

Finally, in the last series of experiments, when t~le animal with 
the intact labyrinths was released in weightlessness, after rapid 
(in 0.3-0.5 sec) turning by 180°, a motion, rotatin? it in the 
opposite direction arose in it, and it continued to the end of the 
cycle (15-20 sec). Cutting off the vision strengthened the intensity 
of these motions. Upon releasing labyrinthectomized an!-.nls after 
rapid turning, random motions were displ~yed, not leadir( to rotation 
of the animal. Turns of the animals in the "turnover reaction" and 
in experiments ot this series 6, were accomplished, by meas of 
"screw" motions of the entire trunk, which began with motions of the 
posterior part of the trunk and the posterior extremities, the 
anterior part of the trunk was then involved in this motion and the 
head turned Last. 

In ex-mination of the vestibular status of the animals after 
the experimental flights, no deviations from their preflight state 
were found. Indications of some fatigue and an increase in protec- 
tive reactions was noticed in the cats after the flights. 

In this manner, both under ground conditions and in the first 
seconds of a parabolic flight, the "turnover reaction" of the animals 
was accomplished during the time, when the effect of acceleration 
does not show up in their gravireceptors, since, in free fall and 
under weightlessness, the support reaction is absent and the force 
of gravity cannot act on the body. Conseqyently, it might be 
supposed that the starting signal to begin the "turnover reaction" 
is an aftereffect of the stimulation of the otoliths by the forces 
of gravity, existing before the onset of weishtlessness. 

The data of the experiments described above show that the 
"turnover" reaction arose in the animals, only in the first 4-5 sec 
of the weightlessness created during a flight along the parabola, 
i.e., that this aftereffect appears only during this time. The 



absence of t h i s  r e a c t i o n  i n  laybr in thectomized animals  i n d i c a t e s  i t s  
v e s t i b u l a r  o r i g i n .  Thus, t h e  " turnover  r e a c t i c ~ "  can be eva lua ted  
a s  a fol lowing v e s t i b u l a r  a d j u s t i n g  r e a c t i o n .  The f a c t  t h a t  changes 
i n  t h e  b i o e l e c t r i c  a c t i v i t y  of t h e  s u b c o r t i c a l  c e n t e r s  do n o t  arise 
immediately, b u t  3-4 sec a f t e r  t h e  change i n  g r a v i t a t i o n ,  i n d i c a t e s  
p a r t i c i p a t i o n  of t h e  s u b c o r t i c a l  n u c l e i  i n  accomplinhment of  t h i s  
r e a c t i o n .  I f  t h e  s t imulus  caus ing t h i s  r e a c t i o n ,  i . e . ,  t h e  a c t i o n  of  
t h e  f o r c e  of g r a v i t y ,  is absen t  f o r  a  pe r iod  of 4-5 s e c t  t h e  tu rnover  
r e a c t i o n  does n o t  a r i s e .  Moreover, LP forced t u r n i n g  of t h e  t runk  /55 
of t h e  animal ,  i t s  head r e t a i n e d  t h e  fsrmer p o s i t i o n  f o r  a  c e r t a i n  
t i m e ,  i . e . ,  t h e r e  was an in f luence  prevent ing  t u r n i n g  of t h e  head, 
r e t a i n i n g  it i n  t h e  i n i t i a l  p o s i t i o n ;  t h e  head turned t o g e t h t r  wi th  
t h e  t runk  i n  labyr in thectomized animals .  This  means t h a t ,  b e s i d e s  
t h e  fo l lowing a d j u s t i n g  r e a c t i o n  noted ,  accomplishing t h e  " turnover  
r e a c t i o n , "  a  ves  i b u l a r  r e a c t i o n ,  s t a b i l i z i n g  t h e  head i n  space ,  and 
a neck r e a c t i o n ,  c a l l i n g  f o r  maintenance of t h e  s t r a i g h t  p o s i t i o n  
o f  t h e  head and t runk r e l a t x v e  t o  each o t h e r ,  appear dur ing  prolonged 
weight lessness .  Both of t h e  l a t t e r  r e a c t i o n s  should prevent  t h e  
" turnover  r e a c t i o n . "  The e f f e c t  o f  thexr begins  t o  show up i : .  t h e  
4-5th second of we igh t l e s sness ,  i n  a l l  l i k e l i h o o d ,  i n  p ropor t ion  t o  
e x t i n c t i o n  of t h e  a f t e r e f f e c t  of t h e  f o r c e  of g r a v i t y .  I f  t h e  head 
and t runk cf an animal a r e  l o c a t e d  i n  t h e  same s a g i t t a l  p lane  under 
we igh t l e s sness ,  both r e a c t i o n s  act u n i i i r e c t i o n a l l y ,  s t a b i l i z i n g  t h e  
pos tu re .  In  t h e  c a s e ,  when t h e  head is  turned r e l a t i v e  t o  t h e  t r u n . ,  
they  c o n t r a d i c t  one anc the r .  I f  t h e  animal i s  s o a r i n g  i n  t h e  a i r  - ,  

i n  t h i s  case ,  t h e  v e s t i b u l a r  r e a c t i o n  proved t o  be t h e  l ead ing  one: i) 

t h e  trt..~k t u r n s  over  and t h e  head remains s t a t i o n a r y .  With t h e  t runk  k 
immobilized, t h e  head t u r n s  t o  t h e  s t r a i g h t  p o s i t i o n  r e l a t i v e  t o  t h e  
t runk  a f t e r  1-3 sec .  Thus, wi th  prolonged stimulation of t h e  
p ropr iocep to r s  of  t.he neck muscles,  t h e  neck a d j u s t i n g  ( s t r a i g h t e n i n g )  
r e a c t i o n  predcminates.  

The discrepancy ob ta ined  i n  t h i s  s tudy and i n  t h e  work of 
Gerathewohl and S t a l l i n g s  (1958) ,  i n  d a t a  on t h e  cime, dur ing  which 
t h e  " turnover  r e a c t i o n "  is  r e t a i n e d  i n  t h e  animals under weight less-  
n e s s ,  a t t r a c t s  a t t e n t i o n .  I n  connect ion wi th  t h i s ,  l e t  u s  examine 
t h e  method of t h e  experiment of t h e  American au thors .  As they  
r e p o r t e a ,  during we igh t l e s sness ,  t h e  e x p e r m e n t e r  took t h e  animal by 
t h e  s k i n  of  t h e  back, turned it by 180' around t h e  longitudina:  a x i s  
and,  then ,  r e l e a s e d  i t .  The animal immediately tu rned  i-depei-idently 
i n  t h e  a i r ,  t ak ing  t h e  previous  p o s i t i o n .  The exper imei-er  caught  
t h e  animal bv t h e  back and repeated  t h e  manipula t ion ,  a f t e r  which 
r e p e t i t i o n  of t h e  r e a c t i o n  of t h e  animal follcwed. The a c t i o n s  of 
t h e  experimenter and t h e  animal were repea ted  8-12 times i n  a pe r iod  
of 20--22 s e c ,  a f t e r  which t h e  animal began t o  t u r n  over  independently 
i n  t h e  a i r .  I t  was pointed  o u t  t h a t  s t r o n g  e x c i t a t i o n  o f  t h e  animal 
was observed dur ing  t h e  experiment.  Disappearance o f  t h e  " tu rnover  
r e a c t i o n "  i n  t h e  t e s t s  of t h e  a u t h o r s  c i t e d ,  i n  our  op in ion ,  i s  
connected l e a s t  of a l l  wi th  a d a p t a t i o n  of t h e  animals  t o  we igh t l e s s  
cond i t ions .  The r e t u r n  of t h e  animal t o  t h e  i n i t i a l  p o s i t i o n  took 
p lace  f o r  a number of reasons.  Gerathewohl ar-d S t a l l i n g s  noted t h a t  
t h e  head of t i le animal lagged behind t h e  t r u n k ,  which t h e  experimenter  
r o t a t e d ,  ddr ing  t h e  t u r n .  Consequently,  t h e  r e v e r s e  tu rnover ,  begin- 



ning the 5th or 6th second of the weightlessness c cle apparently 
was accomplished, because of the adjusting vestibu I ar and neck 
reactions described in this work. Moreover, an abrupt turn of the 
animal could cause the counterturn reaction, also described in this 
report. Finally, the vision of the animal was not cut off in the 
series of tests by the American authors. Thus, the "turnover reactionn 
could take place, as a consequence of a visual adjusting reaction, 
retained and well expressed by cats under weightlessness. 

The question arises, as to whv the animals stop turning to the 
initial position after forced turnins in 20-22 sec of weightlessness. 
One, the cats' reactions to vestibular stimuli disappear after several 
repetitions of it, in distinction, for example, from rodents, in which 
this reaction is very persistent (E. Tutnran, G. Vrbova, 1960). 
Second, the unusual nature of the state cf weightlessness, frequent 

/56 
touching of the animal and repeated turning over of it (which was 
s~ecially tested during parabolic flights ic our experiments) caused 
a strong excitation and, then, rapid fatigue of the animal. Even 
after free soaring in 3-4 cycles of weightlessness during one flight, 
the existing initial attempt to hide disappeared from the animal, 
in which he lay indifferently on the floor, breathed heavily and 
squeaked from time to time. Indisputably, motor reactions, including 
the "turnover rcaction," of animals ic this state could turn out to 
be suppressed. Thus, the "turnover reaction" in the experiments of 
Gerathewohl and Stallincjs apparently disappeared, not as a result of 
adaptation to wei~htlessness generated in the animals, but because ? 
of overfatigue and development of internal inhibition. lr' 

A report of Schock (1961) was mentioned above, on the absence 
of reqction to forward motions during brief weightlessness. We also 
did nc : find these reactions during weightlessness, but they evidently 
cannot be expected, in the absence of the effects of gravity in their 
usual manifestations, since, under ground conditions, upon dropping 
the anindl legs downward (in the ventral direction), the pressure of 
the otoliths on the sensitive hairs of the utricle decreases and, 
under weightlessness, movement of the animal in the ventral direction 
caases, not a decrease in pressv1re on the sensitive hairs, but a 
prolonging of them. The absence of noticeable motor reactions to 
forward moticns can indicate a reduction in muscular reactivity under 
weightless conditions, in animals adarted to these conditions. This 
corresponds to the data of Ye. M. Yuganov and colleagues (19631, on 
a reduction in electromuscular activity during weightlessness. 

Emergence of the counterturning reaction in the absence of 
gravity confirms preservation of the cupul-ar function under these 
conditions. Preservation under weightlessness of the central inte- 
grating functions of the nervous syst as of the animals adapted to 
weightlessness is cc...'irmed by their active behavior, with the 
emergence of visu~! ..justing and grasping reactions under these 
conditions. 

Our data demonstrate that stabilization of the animals (cats) 
during free fall under ground conditions is accomplished in two ways: 
initially, by means of a rcfating motion, which the caudal part of 



the trunk begins to execute, the "turnover reaction" is performed; 
as a result of this, the animal turns out to be oriented in the 
"legs downt1 position; during the subsequent fall, this position is 
preserved, by means of rotary motions of the tail, stabilizing the 
animal in the counterflow of air. 

Thus, during brief w~ightlessness, motor excitation arises in 
different species of animals. The following can be distinguished in 
them: motions similar to those, wkich are note2 in falling of the 
animals, as well as elements of running. With developmeat of 
adaptation to weightlessness, :he motor excitation of the animals 
disappears. The duration of ddaptation to repeated weightlessness 
depends, not so much on the evolutionary level of development of the 
animal, as on its ecological pecularities. Tests with the vision and 
vestibular apparatus of the animals cut off indicate that the leading 
factors in forming the motor excitation in them under weightlessness 
are the vestibular and musculocutaneous afferent signals of the 
disappearance of gravity, and that the necessary conditions for 
reduction of this excitation during adaptation to weightlessness /57 
is to obtain visual information on stability of the surroundings, 
and tactile signals of immobilization of the animal, with the vision 
cut off. Cerebellar influences favor the reductior, in motor exci- 
tation during adaptation of the animal to weightlessness. Changes 
in the EEG of animals adapted to weightlessness indicate the develop- 
ment of internal inhibition to a greater extent in the regions of 
the vestibular and visual representations in the cerebral cortex. 
?he "turnover" reaction is possible for adapted animals in the first 
4-5 sec of weightlessness; it then is suppressed, apparently by 
adjusting reactions: vestibular, stabilizing the head in space, 
and neck, straightenins out. 

Reactions of People in Brief 
Weightlessness 

Space biology has now accumulated extensive information, 
characteri-ing the functional changes in human and animal bodies 
during weightlessness. The great diversity of reactions arising 
under these conditions attract attention. The most significant 
ones in the initial period of weightlessness are sensory and 
emotional-psychic reactions (spatial and visual illusions, feeling 
of fear, euphoria, reduction in the critical relationship to the 
surroundings), vegetative disorders (nausea, vomitir~g, dyshidroois, 
etc.), disruption of movement coordination and spatial orientation 
(N. M. Sisakyan, et al., 1961; Ye. M. Yuganov, et.al., 1963; I. I. 
Kas'yan, 1963; L. A. Kitayev-Smyk, 1963a, 1964a; Gerathewohl, Ward, 
1960, and others). Numerous authors correctly consider the principal 
kathogenetic factor of these reactions to be the change in evolution- 
determined interactions of various functionai systems of the 
organism (V. V. Parin, V. I. Yazdovskiy, 1959; B. M. Yemelfyanov, 
Ye. M. Yuganov, 1962; G. L, Komendantov, V. I. Kopanev, 1962; I. I. 
Kas'yan, V. I. Kopanev, 1963; A. V. Lebedinskiy, et al., 1964; 
LO. A. Kitayev-Smyk, 1967a . 
60 



Our task was to observe people aboard an aircraft during para- 
bolic flight, for the purpose of revealing the characteristic reactions 
to brief weightlessness. After a flight, interrogations were carried 
out by a special scheme, and motion picture photography, with 
subsequent interpretation of the material, was used extensively. 
Individual participants in the experiments experienced weightlessness 
several hundred times. Reaction to weightlessness of 270 persons 
were studied, of whom 120 had flight experience (more than 100 hours 
of flight or more than 20 parachute jumps). 

Sensory reactions. Spatial illusions 

Spatial disorientation arose in Learly all subjects, at the 
start of their first 1-3 parabolic flights, in the 1st or 2nd second 
of weightlessness. Many experienced spatial illusions from the very 
onset of weightlessness, by the nature of which, the subjects could 
be distributed into the following groups. 

31 people were included in the first group. All the subjects 
felt as though falling downward. The illusion was accompanied by a 
feeling of fear and disorientation, expressed to one degree or another, .S 
in some, right up to loss of a real perception of the surroundings./58 - f 
In the majority of cases, these phenomena disappeared in 3-5 sect 
being replaced by a sense of pleasant lightness, "soaring" and, 
frequently, by a feeling of gladness or hilarity, i.e., by feelings 
with a pronounced positive coloring. 

The second group was composed of 102 persons, who felt neither 
absence or a decrezse in gravity, in the first seconds of weightless- 
ness, but a change in its direction, i.e., they felt as though they 
were lying on their chest, back or side, hanging head downward (we 
arbitrarily call these illusions, illusions of turning over); it 
seemed to some as though they were rising up. These illusory feelings, 
in distinction from the sense of falling, were retained longer, i.e., 
from 7 sec to the end of the weightless cycle (26-30 sec); they had 
a slightly expressed negative enotional coloring. The same illusion 
was repeated in each subject during weightless cycles, regardless of 
his position in the cabin. 

The third group (123 persons) included people not experiencing 
spatial illusions. 

The fourth group included 14 subjects with mixed illusions. 
P~ith the onset of weightlessness, they experienced the illusion of 
failing, lasting 5-10 sec and accompanied by a strong feeling of fear. 
Immediately after its disappearance, the illusion of turning over or 
rising arose. These sensations had a marked negative emotional 
coloring. 



A definite phased nature could be noted in formation of the 
spatial conceptions of people, during development of adaptation to 
weightlessness. 

I. Spatial disorientation, in all likelihood, as a result of 
the "collision" of contradictory flows of inform=.tion, was observed 
in nearly all subjects, at the beginning ~f the3 first parabolic 
flight, for a period of 1-1.5 sec. 

11. It might be supposed that, depending on the nature of the 
subsequent interaction of these flows, four types of spaticl percep- 
tion were distinguished: 

a) Signals of falling are not perceived. A conception of the 
surroundings is created, by means of predondnant visual information 
on stability of the surrounding situation. No spatial disruptions 
were noted (third group); 

b) In all likelihood, as a consequence of the extreme pre- 
dominance of information on stability of the surroundings, weight- 
lessness does nct cause a sensation of falling in a mar: on the other 
hand, it seems to him that the positive acceleration occurring has 
not disappeared, but has become negative. Subjectively, this is 
perceived as hanging head downward or rising upward (second group). 
Under these conditions, it is not excluded that sensory signals, 
which are subthreshold under normal conditions, participate in forma- 8 
tion of the conception of the surroundings under weightlessness, 9 
causing an illusion in a number of subjects, of iying on the side, 
the back, etc.; 

c) Gravireceptor information predominates; weightlessness is 
perceived as falling, accompanied by a feeling of fear. Motur, 
"lifting" and "grasping" reactions can arise in this case. 
Instability of the visual functions was noted in a number of cases, 
in persons with this type of perception (first group) (see below); 

d) Predominance of signals of fal! -r are replaced by extreme 
predominance of information as to stabil - of the surrounding 
situation; in this case, the feeling of ftlling changes to a sensation 
of hanging head downward (fourth group). 

111. The period of discrepancy of the flows of information from/t;O 
the receptor systems of various analyzers ended with formation of 
a conception of stability of the surrounding situation, in accordance 
with familiar visual (and, with immobilization of the person, tactile) 
reference points. 



Disruptions of visual perception. 25 men reported changes in 
visual perception during the effect of weightlessness (Table 17). 
The visual disruptions found in the flights were similar in a number 
of cases, which makes it possible to give a combined description 
of them. 

At the beginning of the first stay under weightlessness, three 
men "saw nothing." Two of them were observed in the flights; there 
were mimetic reactions characteristic of fright in both of them, at 
the start of weightlessness. Five men noted "~louding,~ "diffusion" 
of visible objects, in the first seconds of their first stay under 
weightlessness. The field of view of two appeared t@ be constricted. 

One man reported everything he saw during weightlessness; sub- 
sequently, he did not remember the visual images, but he remembered 
the content of the conversation. 

The disruption of vision described above is combined with the 
fact that the ability to see the surroundings was disrupted in all 
subjects under weightlessness. All 11 men, in whom disruption of 
this type arose, were representatives of nonflight professions and 
were in weightlessness for the first time. The visual reactions 
arose in these people under weightlessness, on a background of 
spatial illusion, in the form of falling downward and a feeling of 
fright. S 

kf 
The following type of visual disruption was characterized by 

the onset of visual illu~ions of motion in the subjects. Four men 
described an apparent downward motion of the visible objects with 
the onset of weightless and upward, after its termination, in the 
postflight reports. Fourothersreported, that, during the transi- 
tion to weightlessness, they saw repeated vertical "jerking" of 
objects. In ohservatl.ons of them, vertical nystagmoid movements of 
the eyes were found in three men, during the transition from g- 
forces to weightlessness and during the first seconds of weightless- 
ness. The instrument panel, from which one subject had to read the 
indications, appeared to move cyclically ("Slowly downward, then 
more rapidly upward, etc. I could not read the data in this case") 
during his first stay in weightlessness. Illusory aovements of the 
entire field of view appeared, according to the roports of subjects; 
cases of apparent movement of individual objects, on a background of 
stationary objects, were not noted. In all cases, the illusory 
motion took place vertically. Of nine men reporting apparent move- 
ments of the visual surroundings, three men had considerable flight 
experience. 

The next group of disruptions of vision involved change in depth 
perception. During the weightless cycle, two men noted an apparent 
moving away of visible objects and elongation of the cabin. An 
illusory approach of an observed object arose in one subject during 
the weightless cycle. The subjective reactions of two other men 
were of a more complicated nature, and they can be evall ited as a 
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combination of different visual illusions. 

Thus, only 25 men of the number examined (9%) noted one dis- 
ruption or arother of visual percept'.on under weightless conditions. 
In all cases, these phenomena were evaluated by the subjects as 
"apparent." In the majority of cases, the visual reactions appeared 
in persons not having flight experience. 

Motor reactions 

With the onset of weightlessness, spontaneous movements arose /61 
in persons under these conditions for the first time, as a rule, 
in the structure of which a tonic component (raising of the extended 
arms, drawing up of the Leg, backward bending of the trunk), in all 
likelihood, manifestation of a lifting reaction under weightlessness, 
as well as a notor component (swinging of the arms and legs), which 
can be considered to be a "support seeking reaction," could be 
distinguished. Upon immobilization of the subjects in a chair, these 
reactions were less pronounced, and they arose in a smaller number of 
subjects than in free soaring. In a number of cases of persons not 
having flight experience under weightlessness, in cases when they 
held a fixed object by the hands before the disappearance of gravity, 
flexing of the extremities, a "grasping" reaction, arose under weight- 
lessness. Bending of the arm by which the subject was holding on 
wss frequently observed; the other, free arm was raised in this case. 
Motor reaction sometimes arose when soaring in weightlessness the 
first time, after repeated stays under these conditions in the 
immobilized state. 

The dynamics of the motor reactiocs during adaptation to weight- 
lessness were followed in 33 men, who were repeatedly in the free 
soaring state. In the first cycle, tonic reactionswerenoted 
with 28 of them and, in addition, a motor reaction was noted in 12 
men, which was followed for no more than three weightlessness cyclt,. 
The tonic reactions stopped in 8-15 cycles. They were 
replaced by soaring, with considerable flexing of the extremities 
and trunk, with subjects in a relaxed posture. 

Spontaneous mimetic reactions were noted in eight men, among 
those under weightlessness for the first tiKe, together with mimicry 
adequate to their emotional state, in the 1st-3rd cycle of weight- 
lessness. Five of them dropped the corners of the mouth and screwed 
up the eyes (offended expression); three other men, according to 
motion picture data, initial]-y raised their brcws and closed their 
eyes, then, opened the mout>,, which was accompanied by a sigh, and 
they opened the eyes. This reaction arose in the first 
seconds of weightlessness, and it was repeated 1-8 times, with a 
frequency of 1-3 cycles of movement per second. 



Vegetative reactions 

Variously expressed vestibular-vegetative reactions (nausea, 
vomiting, etc.) arose in a considerable number of subjects, during 
flights under brief weightlessness. The nature of the spatial 
perception and development of the vestibular-vegetative reactions 
were in a definite relation. Th~:s, these reactions arose in 97 of 
102 representatives of the second group, and in each of the 14 men 
making up the fourth group, whereas, in those experiencing a feeling 
of falling and fear during weightlessness (first group), there were 
no vestibular-vegetative disturbances. Of the 123 subjects of the 
third group, these disruptions were noted in 20 men. Thus, when 
signals of falling were predominant in the spatial conceptions of 
people under weightlessness, vestibular-vegetative stability was 
observed and, with illusions of the upside-down position and lifting, 
vestibular-vegetative instability occurred, as a rule. Two types of 
reactions are exceptions: 1) mixed emotional-psychic (feeling of 
falling and fear) and vestibular-vegetative (nausea, vomiting, etc. 
in all 14 men of the fourth group; 2) illusions of the upside-down 
position, without subsequent appearance of vestibular-vegetative 
disruptions, in 5 men of the second group. In all likelihood, 
signals of the vestibular analyzer were predominant in subjects in 
the first case, at the start of the cycles, and the vestibular- 
vegetative stability under weightlessness was low. In the second 
case, on the other hand, visual information with high vestibular 
stability was predominant. .s 

f 
It has been noted that the tolerance of the state of weightless- 

ness by man is determined by the expression of two types of reactions 
arising during weightlessness: emotional-psychic (fear, disorier ta- 
tion) and vestibular-vegetative (nausea, vomiting, etc.). Depenuing 
on these reactions, all persons observed could be divided into four 
groups: with good, satisfactory and poor tolerance and not tolerating 
weightlessness. There were no psychic or vegetative reactions in 
persons with good tolerance (a weakly expressed disorientation was 
observed in sone, in the first 2-3 sec of the stay under weightless- 
ness). Either weakly expressed psychic (slight fear, disorientation) 
or small vegetative reactions (increase in salivation, perspiration, 
nausea) were noted in persons with satisfactory tolerance. The 
efficiency of the subjects with satisfactory tolerance was practically 
not reduced. 

Persons with a strong feeling of fear and considerable dis- 
orientation, accompanied by the illusion of falling, or with marked 
vegetative reactions (repeated vomiting and the like), were placed 
in the group with poor tolerance of weightlessness. Persons, in 
whom, together with vegetative, there were psychic reactions also were 
added to this group. With the onset of weightlessness, they 
experienced a feeling of falling and of fear, alternating with the 
illusion of turnir,g over; subsequently, they vomited and the like. 
The efficiency of persons in this group decreased significantly 
in the weightless state. 



Psychic or vegetative reactions developed in k~rsons, for whom 
this state was intolerable, to a strongly expressed degree in some, 
and these reactions increased with repetition of the weightless 
cycles. The illusion of falling was accompanied by a feeling of 
strong fear, leading to complete disorientation, loss of contact 
with surrounding people and, frequently, to increased motor activity, 
involuntary cries and temporary cutoff of vision. Such disruptions 
were noted during all weightless cycles. In vegetative reactions of 
representatives ;f this group, they vomited in the first weightless 
cycle, sometimes in the first seconds, and it was repeated in ali 
weightless cycles and, sometimes, between them. Bubbly bile was 
found in the vomit. Involuntary urination was observed, and pers- 
piration and salivation increased. The pulse rate decreased. 
Respiration became shallow. Sharp weakness and adynamia set in, and 
an effort to lie still with -yes closed appeared. Any movement of 
the head or eyes increased the vomiting. In the intervals between 
weightless cycles, the subjects felt somewhat better. 

A progressive deterioration of the general state in repetition 
of the weightless state forced us to terminate a flight earlier than 
the time planned, in a number of cases. People not tolerating 
weightlessness in more than two flights (20 cycles) could not be . 
observed. 

The dynamics of change in the reactions during repeated stays /63 :$ 
in the state of brief weightlessness was followed in a large group f 
of people with satisfactory and poor tolerance. Motor reactions di8 
not arise in more than 5 weightless cycles (in flights with eyes 
open). Psychic reactions (fear and disorientation) decreased after 
1-3 weightless cycles and, in the majority of cases, disappeared 
after 5-20 cycles. Vegetative reactions (nausea, vomiting and the 
like) began to weaken after 20-30 weightless cycles and disappeared 
after 40-50 cycles. If psychic and vegetative changes were observed 
simultaneously in subjects, the psychic took place earlier than the 
vegetative. 

There were women among the persons observed under weightless 
conditions. Their adaptation processes were the same as those of 
men. One of the women, enduring 6 periods of weightlessness, 
revealed that she was in the fourth month of pregnancy. She began 
to be nauseated with the 4th period of weightlessness and vomited 
once in the 5th period. The state of health was satisfactory after 
the flight. The pregnancy of this woman ended at the time of normal - - 

births. 

How can the phenomena observed be evaluated? The presence 
of spatial illusions during weightlessness apparently arises, in the 
majority of subjects, during formation of the new functional spatial 
analyzer system (G. L. Komendantov, V. N. Kopanev, 1962), and is 
the result of predominance of information from the gravireceptor or 
visual analyzers during this process (L. A. Kitayev-Smyk, 1967a, 
1970). Tests of people and animals with the vision cut off and in 



the absence of vestibular functions in the animals confirm this 
hypothesis. Beside the vestibular impulses, afferent signals from 
the redistribution of blood in the vascular system and tactile 
sensations play a definite part in formation of spatial illusions 
in weighLlessness (Dzendolet, 1971). Visual disturbances arising in 
individual persons under weightlessness are evidently the result of 
gravireceptor influences on the visual centers. Their action may be 
both direct and caused by mismatch of the retinal signals and reverse 
afferentation of the muscular system of the eyes (L. A. Kitayev-Smyk, 
1964b; L. A. Kitayev-Smyk, N. I. Pinegin, 1966; Guedri, 1968). 

In motor excitation of people and animals under weightlessness, 
tonic and motor components can be distinguished. They are based on 
the vestibular-spinal reflexes (Bruggencate, 1971). Experiments on 
animals have shown that cortical (Schock, 1958) and cerebellar 
(0. G. Gazenko, et al., 1965) effects phrticipate in formation of the 
motor reactions under weightlessness. In repeated stays under weight- 
less conditions, the motor excitation is replaced by peaceful soaring, 
in a posture with predominant flexing of the extremities and trunk. 
According to our data (L. A. Kitayev-Smyk, 1969), persons with a high 
degree of adaptation to weightlessness bead the joints of the 
extremities more during relaxation in free soaring, which was pointed 
out by Kovit (1964). This is confirmed by reports of the astro- • < 

nauts (A. A.  Leonov, V. I. Lebedev, 1971). The genesis of this 
phenomenon may be, not only predominance of bending of the joints of 
the extremities and trunk un~er equitonometric conditions (V. A. i 

Bogdanov, et al., 1970), but a more pronounced reduction in muscle 
tonus in the extensors under weightlessness (L. A. Kitayev-Smyk, 
1963b). 

Vegetative reactions characteristic of seasickness syndrome, /64 
arising under the repeated influence of weightlessness, is determined 
by a complicated set of factors, connected with disruption of the 
interaction of the afferent systems and the integrated functions of 
the higher vegetative centers (M. D. Yemel'yanov, A. N. Razumeyev, 
1972; Greybiel, 1969, and others). Expression of seasickness symptoms 
in parabolic flights depends on the degree of instability of the 
subjects toward the cumulative effect of the vestibular stimuli. 

Centrifugal mechanisms, regulating the sensory flow, by means 
of the corticofugal "valve" effect, apparently participate in 
development of adaptation to the repeated effect of weightlessness 
and g-forces (Ernandez-Peon, et al., 1956). 

Interaction of analyzers in forniing 
the reactions of man in weightlessness -- 

To test the assumption stated above experimentally, on the 
interaction of afferent fluxes in forming spatial 2onceptions by 
people under weightlessness, research was conducted on 33 healthy 
persons, selected in sreliminary experiments. A sensati~n of fall 
ing downward, dropping (first group) arcse in 10 of them under 



weightlessness; it seemed to 13 subjects (secord group) that the 
aircraft was flying upside-down with the onset of weightlessness 
and they, being in it, turned out to be in the "legs up" position; 
there never were spatial illusions under weightless conditions in 
10 persons (thirl group). Moreover, three men took part in the 
flights, in whom there was no labyrinth function (fourth group). 

The experiments were carried out in the following order; the 
subjects sat immobilized in a seat, with eyes open, in the first 
weightless cycle, they sat in the chair, with light-impermeable 
bandages over the eyes in the 2nd cycle, they floated in the air 
with eyes open in the 3rd cycle and they floated in the air with 
bandages on the eyes in the 4th cycle. The subjects were requested 
to relax the body and extremity muscles and not to perform arbitrary 
movements during the experimental cycles. In a number of experiments, 
in which the subjects floated weightless with bandaged eyes, they 
were given the task of indicating the "down" direction with special 
pointers, in conformance with their subjective conceptions. Each 
subject participated in 6-8 experinental cycles. In a special series 
of experiments, the nature of the spatial sensations of people was 
determined, while walking over a "sticky" surface, located on the 
ceiling of the aircraft cabin. The experiments of this series were 
carried out with five subjects, with and without vision cut off, in 
6 weightless cycles each. 

After each experiment, the subjects gave an oral report, 
compiled according to a special scheme, and a written report after 
each flight, on his sensations and acts during weightlessness. 
To record postural and motor reactions of the subjects, motion 
picture photography was used in the flights. 

As the experiments showed, in all 10 persons in the first group, 
cutting off of the vision increased the sensation of fear and of 
falling, arising in them in the initial weightless cycles, to a 
greater extent in free fall than when immobilized in the seat. In-/65 - 
voluntary straightening and raisins F~rward of the arms -"upwardu 
was observed in six persons, vhile floating with closed eyes. This 
posture was retained 3-4 sec. A more pronounced motor excitation 
was observed in two men, while floating under weightless conditions: 
frequent swinging of the arms and novement of the legs, in the form of 
drawing them up alternating with incomplete straightening of them. 
The frequency of movement of the arms and legs was 2-3 times per 
second. Floating weightless by these persoria, as a rule, terminated 
with them tearing off the bandage, opening the eyes and grasping 
sone fixed object with eyes open. 

Of 13 representatives of the second group, upon putting the 
light-impermeable bandages on their eyes, a feeling of turning over 
upon disappearance of gravity stopped arising in four persons. This 
illusion did not stop appearing in five men, only in free floating 
in the air with bandaged eyes. When immobilized in the seat, with 
both open and closed eyes, they felt turning over, in their words, 
"they hung head down in the binding system." Each tir.e, three 



subjects, with onset of weightlessness, both while floating and while 
immobilized, felt turning over, in their opinion, "since blood rushed 
to the head.'' Together with the feeling of hanging head down, 
always arising in ore subject under weightlessness, upon immobiliza- 
tion in the seat with eyes open, while floating in the air with a 
bandage on the eyes, a feeling of falling and fear appeared, and a 
nlotor reaction was noted, in the form of swinging the arms. Thus, 
9 men of 13, feeling as though turned upside-down under weightless 
conditions with intact vision, were deprived of this illusion, upon 
cutting off the visual and tactile information on the position in 
space; it was replaced in one man, by a feeling of falling downward. 

Of 10 subjects of the third group, 4 men did not notice the 
onset of new feelings in weigk,lessness, either with open eyes or 
with vision cut off. Two men, only while floating with eyes 
bandaged at the start of the weightless cycles, had a feeling of 
falling "downward" without a feeling of fear in this cass, for 1-2 
sec. A feeling of dropping down and of fear arose in 4 subjects, 
during free floating after disappearance of gravity; in this case, 
the nlovements of the arms and legs described above were noted in 
them. One of these 4 subjects was an experienced test pilot, who 
had previously performed several hundred cycles of weightlessness. 

The sensation of falling or of the upside-down position dis- 
appeared in the majority of subjects in 2-6 sec in the weightless b 
cycles, being replaced by a conception of the vertical directions, I' 
in accordance with familiar visual or tactile reference poi~ts and, 
in floating with the bandage on the eyes, in accordance with the 
vertical axis of their own bodies. 

According to the reports of three subjects with a defect in the 
labyrinth function, they did not sense spatial or visual illusions 
during weightlessness. When immobilized in the seats, both with 
open and closed eyes, they did not find significant differences 
between the sensations during horizontal flight and during weight- 
lessness, setting in after the g-forces preceding it. While float- 
iny weightless with open eyes, emotional reactions and motor 
activity, adequate to the unusual situation, developed in them. 
While floating with closed eyes, a subjectively unpleasant sensation 
of disorientation arose in two of them; in this case, one subject 
swung his arms several times. Postural reactions characteristic of 
healthy people were not noted during weightlessness, in the subjects 
of the fourth group. 

In experiments with walking along a "sticky" surface, a sensa-/66 
tion, that the "aircraft cabin was upside-down and, therefore, I am 
walking along the ceiling like along the floor," arose in all sub,ects, 
at the moment of contact of the feet with the "sticky" ceiling of the 
cabin. 



Conclusion 

In this manner, it has been shown by this investigation that, 
under brief weightlessriesd, sensory reactions arise in a number of 
people, mainly those under these conditions for the first time, in 
the f o m  of agiiiial and visual illusions, motor excitation, in which s 
tonic and motor components can be distinguished, and vcstibular- 
vegetative disturbances (nausea, vomiting, ete.). In repeated flights 
with cre~tion of weightlessness, a decrease in the extent of expression 
and, then, disappearance of thee? reactions occurred in a significant 
majority of those jtudied. Experiments in weightlessness with the 
vision cut off and with the absence of vestibular functions in the 
subjects confirm the hypothesis thqt spatial conceptions of people 
I- weightlessness depend on predominance of gravireceptor or visual 
afferent signals under these conditions. 

2. Perception of Time Under Conditioras of N 7 5  2 3 f 1 1 Brief Weightlessness 

In solving problems of control of a spacecraft and performing 
the most dive.ise working ~perations, an astronaut must precisely 
calculate his actions in time. P-ecise pe:ct?ption cf time can be 
developed (and this is done cont~r~ually) on earth, during training 

. 
sessions in the spacecraft trainer. However, this perception of time i 
can change in a space flight, under the influence of urlusual flight L 

factors. I : 

We studied tt,e perception of iime intervals by astronauts and 
subjects under ,.andi.tions of brief weightlcssness, cxeated in jet 
aircraft. Two series of tests were performeet mder conditions of 
brief weightlessness. 16 persons participatec! in series I. Their 
task included estimation of a time of stay under weightless conditions, 
while carrying out some work or another (writing test, work on tne 
coorciinograph, determination oL a given muscular effort, revolvillg in 
the Barany chair, movement ia unsupported space, etc.). The 
2hysician-tester or pilot-i;.structor recorded the objective time 
with a stnpwatch. The accuracy of the estimates of time ir,tervals 
under conditions of brief weightlessness, while performing ~arious 
tasks, was compared with the accuracy of estimates of tire, while 
carrying out similar tasks ur~der conditions of horizontal flight. 

Tab!< execution required various degrees of activity and em~tiona~- 
volition.?il stress; it was accompanied by both positi.ve and ne79tive 
emotions, which dependsd to a great extcnt 0x1 tolerance of the effec~s 
of parabolic flight factors. The nature of the emoti~n~l sensatioris 
was determined, on the basis of subfzctive impressions an(: esti- 
mates of tolerance of flight in weightlessness; the latter was esti- 
mated by a complex analysis of the reactions of t% ce.~tral nervou,, 
cardiovascular and respiratory systems and vest.".*.!?r apparatus. 
Performance of the task did not cllow the subji.t:t Lr think of 
himseli . Astronaut-st in distinction from test :.!.'=.;,ects, have had 

/67 
experience in estimating ti= intervals by counting mentally, while 
executinq- the treining parachu: 'um~s , which preceded f 1 ights i *: 

i 1 



weightlessness. A total of 58 tests were carried out under weight- 
less conditions in this series. 

Estimates of time intervals by the test subjects and the astro- 
nauts, while performinq various tasks under weightless coriditions, 
depended on their emotional sensations. As a rule, in the first 
flights, the subjects who tolerated weightlessness well underestimated 
the time of action of this unusual factor. They perceived an 
interval of 35-40 sec as an interval of 15-20 sec (we call this a 
quickened flow of time perception). In repeated flights, while 
performing the same task under weightless conditions, the under- 
estimates of the time interval decreased. In Qur opinion, this is 
explained by greater adaptation of the body to the state af weight- 
lessness and to a sharp decrease in emotio:.al stress. Subjects who 
endured unpleasant sensations in weightlessness estimated an interval 
~f 24-26 sec as a minute or more in duration (we called this a 
retarded flow of time perception). Thus, tooneof the autors 
(V. I. Lebedev) in the very first flight, a 24-second interval in 
the first "hump" (when euphoria developed) seemed to pass in an 
instant, but the second "hump" (when spatial illusions and a negative 
emotional cg-te arose), it stretched out infinitely long. The time 
was estima: Tore precise1.y under weightless conditions by subjects 
immobilized by a binding system tc the seat, than by those executing 
an assignment in unsupported space. This is explained by the fact 
that, in unsupported space, the emo~ional experiences were expressed 
mcre strongly (in connection with the zbsence of a support and 
sharper change in the af ferent impulses) . 

The astron? ~ t s  an6 test subjects who had much flic5t experience 
under weightlessness and tolerated its effects well, c* ;e accurately 
perceived the passage of time, even when moving in unsupported space. 
Completing flights in weightlsssness on 30 November 1965, Yu. A. 
Gagarin wrote in the log: "Normal feelings in flight. No disorders 
or peculiarities were observed. Figures were execute6 easily, coordi- 
nation normal." He estimated the 24-sec interval in three "humps" as 
22, 23 and 21 seconds. Yurii Alekseyevich tolerated rotation in the 
Barany chair undor weightless conditi~ns well, on 1 December 1965, 
and he described his emotional state thus: 'State of health good, 
feelings normal. Everything as usual in rotation in the chair." 
Yu. A. Gagarin estimated a 26-sczond interval of wei3htlessness as 
24 seconds. 

Spatial illusions an3 negative emotional experiences, accompanied 
by charje in perception of time in the direction of overestimating 
its le:gth, appeared in some subjects, while revolving in the Earany 
chair under weightless conditions. Thus, for example, unpleasant 
sensaticns, which previously had never been noticed during normal 
activity under weightless conditions, arose in m e  of the authors 
(I. F. Chekidxa, while rotating in the chair. This cycle of weight- 
lesscer appeared unusually long to him. At the same time, during 
active activities, accompanied by positive emoticns, this interval 
of time under weightlessness was under\stimated by 2-1 sec. 



And here is how sLbject P evaluated his feelings during this 
test. "While revolving in the chair in the weightless state and 
dropping the head down kith closed eyes), the sensation arose that 168 
I was suspended head downward in a bent position." Rotation in the 
chair lasting 10 sec was est.imateG as a 25-second interval. Before 
rotation in the chair, the tine under weightlessness was estimated 
quite accurately (24-26 sec intervals were estimated as 26-28 seconds). 

14 persons participated in the second series of experiments. 
87 tests were carried out with then. under weightless conditions. The 
task consisted of reproducing a 20-second interval under conditions of 
brief weightlessness. As a result of training sessions, the subjects 
performed this task in horizontal flight, with an accuracy of 20.5 
sec. They v~luntarily chose the methcd of counting time mentally. 
The subject turned on and turned off the stopwatch independently, 
without looking at it. 

All the subjects can be divided into th:-ee groups, from the 
test results (Tablo 18): with adequate, retarded and quickened 
perception of time flow. 8 subjects had normal, adequate perception 
of time under weightless conditions. Arcong them are those whose tine 
interval estimates in weightlessness differed from the esthates of 
this sane interval in horizontal flight by no more than 20.5 sec. 
In two of the men, the emotior~al feelings were negative and in the 
remaining, ~ositive. In the group with retarded time flow in weight- i 
lessness, consisting of three xr.en, there were premature actions, 
which were cocnected with overestimating the elasped time interval. 
All three men had negative emotional feelinss, with satisfactory or 
poor tolerance of the effects of the parsbolic flight factors. 

A quickened time flow in the milid was noted in three subjects 
under weightless conditions. This was expressed by Zelayed action, 
since the elapsed time interval in the minds of these subjects bas 
underestimated. They all tolerated flights in weightlessness well, /69 
experiencing positive emotions in the course of these :lights. 

The results of statistical processing of the data are presented 
in Table 19. As should have been expected, in the group of subjects 
with normal perceived time flow under weightless conditions, the 
deviations from the initial data were not statistically sj-gnificant 
(less than 10% confidence). 

In the group of subjects with retarded perception of time flow 
in weightlessness, the deviatians in the direction c f  over~stimatioa 
of the .time intervals were significant: their significance was over 
99%. The significance of deviations obtained in the group with 
quickened perceived time flow also proved to be over 99%. 

The underestimates of the time interval (quickened perception of 
time flc:s) in a positive emotional state of the subjects and the 
overestinate of the timn interval with negative emotions during weisht- 
less~.ess, which we disclosed in the observations described, are 
connected with processes originating in the cerebral cortex. Accord- 
ing to th= data of S. G. Gellershteyn (1958) , M. F. Ponomarev (1956) 
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TABLE 19 

RESULTS OF STATISTICAL PROCESSING OF DATA ON WEIGHTLESSNESS 
TIME PERCEPTION 

D. G. Elkin (1962) and others, excii-atlon processes predominate in 
the cortex with positive emotions, which causes quickening of the 
perception of time flow. An inhibiLing process arises with negative 
emotions. 

The fact that predominance of excitation processes in the 
cerebral cortex can cause delay in actions and inhibition, premature 
reactions, as M. F. Ponomarev points out, appears to be unusual at 
first glance. However, taking the nature of the bzsic neural 

) 

processes into ccnsideration, this can be understood. inhibition 
(in contrast to excitation) alwa:rs is manifested in stopping, limit- 
ins ?r decreasicg activity. The connection of a premature reaction 
with inhibition and of zi delayed reextion with excitation is accom- 
plished throcyh the subjective slowness or quickness of time flow in 
the mind. Thus, for example, if some interval of time seems to a 
man experiencing positive emotions to be shorter, in the task of 
reproducing this segment of time, he actually recreates a longer time 
interval (the assigned interval appears to him to be not long enough). 
We have distinctly observed similar relationships of perception (and 
this n.ean;, reproduction) of tire, under conditions of brief weight- 
lessness. 

r - 

Conf i- 
dence 
(P)  % 

13 
99 
99 

The perception of t i m  is interrelat~d with the perception of 
space. This is confi~med by the data of V. I. Lebedev and I. F. 
Chekidra. The accuracy of perception of change in the angle of ro- 
tation of a Barany chair during slow rotation of it in horizontal 
flight and in weightlessness was studied on subjects, who tolerated 
flights in 7.eightlessness well. It turned out that, wi.th accelera-/70 - 
tion of the flow of time in the mind, in perfntming a task In a state 
of weightlessness, errors in determination of the angle of rotation 
of the chair were underestimates of the size of the turn, and they 
increased with increase in time of slow rotation to 15-20 sec. This 
can be explained as follows. By internal anslysis, the subject 
considered that, let us say, not 20 sect but '8 sec had elapsed. 
Consequently, ill this interval of time, thi: cnair could have turned 
t3 a smaller angle than it was act~ally turned by the physician- 
experimenter. 
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i 
n~ / 

No. of Ex- 
periments 
in Weight- 
lessness 

47 
25 
15 

I 

Perceived 
T h e  Flow 
in State 
of Weight- 
lessness - 
Normal 
Quickened 
Retarded 

r 

I 
I 

0.5 
0.2 
0.3 

r 

No. of 
Subjects 

8 
3 
3 

x 

0.02 
2.3 
3.4 - 

0.04 
11.06 
11.33 

u 

0.35 
1.04 
1.30 



In this manner, the results of experiments under conditions of 
brief weightlessness confirmed the theoretical concepts of the 
dependence of time perception on the emotional state of a man. Th:? 
time test, together with other methods, can be used to precisely 
define the emotional state of subjects in stress situations. 

3. Static-Kinetic Reactions of Man Under 
Conditions of Brief Weightlessness N 1 5  3 3 1 1 2  
There is no experimental worX, directly on study of static- 

kinetic disorders overall, under conditions of brief weightlessness. 
There are only works, in which either sensory or motor reactioris have 
been studied (see this chapter). 

Our task was study of the nature and degree of expression of 
static-kinetic reactions of a man under conditions of brief weight- 
lessness.(during parabolic flights in aircraft) and their dependence 
on past flight experience, development of criteria for evaluation of 
the static-kinetic resistance of a man to the effect of brief weight- 
lessness and study of the adaptation capacity of the body. 30 fighter 
pilots, who had flown 300-2,000 hours in jet aircraft, and 11 men not 
in the flying profession (physicians, engineers), participated in the 
study. Such a stcdy has a definite expert and prognostic value, 
especially iq selection and trainin2 of space crews. The latter, 
before the s~art of a flight cycle in weightlessness, performed an 
additional 6-10 flights ia the zorle, in jet aircraft of the sarrie 

f; 

type, for the purpose of removing the emotional background circum- 
I 

stances. The investigations were carried out in two- and multiplace 
jet aircraft, specially equipped for reproduction of the conditions 
of brief wei~htlessness (Fig. 1). 

During tl s flights, the subjects underwent multiple ph-ysio- 
logical examinations, including study of sensory, vegetative, motor 
and vestibular-somatic reactions befcre, during and after a flight. 
The sensory component of the static-kinetic reactions was studied, 
by means of analysis of subjective reports and records of the subjects 
and special questionnaires. The vegetative reactions were studied, 
by means of visual medical observation, as well as recording of pulse 
and respiration rates and the cutaneogalvanic resistance at all 
stages of parabolic flight. The motor reactions under weightless 
conditions were investigated by visual medical observation and motion 
picture recording, while performing everyday professional operations 
ana while working on a special electrocoordinograph. The vestibul.ar- 
soratic reactions were studied while perfomling modified Boyachek and 
Barany rotary tests, under conditions of brief weightlessness, as well 
as before and after a flight. In all, 950 flights, with 3,020 cycles 
of weightlessness, were accomplished. 

It was detersined, as a result of analysis of the stddy 
material, sensory, veqetative, motor and vestibular-somatic dis- 

/71 
turbances were observed in a majcrity of thcse examined, during the 
first familiarization flights. 



Pitch an la 
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of trajectory 
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37f5 src 
B H=8600 m 

V=4 20 km/hr 
1.820.2 g section 
of trajectory , , G ~ . ~ - ~  1.8f 0.2 g sec+ionS ---" Dive &6ie ., of t n  jectory 

!-I16600 m =40° '%- 
V-650 km/hr Duration of_ H=5500 m 

*.;ightlessness V-600 lpl/hr 
202 5 sec 

Fig. 1. Physical  characteristic^ of parabolic flight 
profile in two-place (A) and multiplace (B) jet aircraft 

Sensory disturbances under weightless conditions were manifested 
by various illuscry sensations -- lifting the body u~ward, falling 
downward, turnin5 to the right, to the left, ahead and back. In some 
subjects, these sensations occzrred on a background of sthenic type 
reactions (pleasant lightness, feeling of happiness, etc.) and, in 
others, on a background of the 3sthenic type (feelings of helpless- 
ness, fear, disorientation in ssace, etc.). The sensory disturbances 
decreased under the repeated effects cf weightlessness, both as to /72 
degree of expression and as to number of persons, in whom they were 
observed (Table 20). The directional nature of these changes was 
approximately the same in all groups, but the degree of expression 
of them differed. Thus, in the first group (pilots) unstable illusory 
sensationsandpsycbosensory reactions of a sthenic nature arose in 
the majority of subjects at the very start. In those of the non- 
flight prcfessions examined, the degree of expression of psychosensory 
disorders was more significant. 

In a special series of studies, the importance of immobilization 
of the bodies of the subjects at the workplace and of visual oricnta- 
tion in the frequency of sensory disturbances was determind. In the 
event immobilization was better, the subjects more rarely lL t orien- 
tation in space and experienced unfavorable sensory reactions and 
vice versa. In the absence of visual con'xol, the frequency of dis- 
orientation phenomena approximately doubled in all subjects. 



TABLE 20 

FREQUENCY OF APPEARANCE OF ILLUSORY SENSATIONS AND VEGETATIVE 
REACTIONS OF SUBJECTS OF THZ FIRST AND SECOND GROUPS 
(number of persons) UNDER CONDITIONS OF BRIEF WIGHTLESSNESS 

Beside sensory disturbances, shifts toward vegetative reactions 
were observed in a number of subjects during parat-,ic flight, 
manifested by subjective feelings of discomfort (general weskness, 
poor health, unpleasant feelings in the substernal region, dizziness, 
etc.). as well as by objectively recorded reactions and changes in 
the cardiovascular and respiratory systems of the body. In analysis 
of the vegetative disturbances, their direct depencence on flight 
experience and level of general physical readiness of the subjects 
was revealed (see Table 20). 

Subject 
,Gram 

1st 

2nd 

As a rule, the shifts were insignificant in the pilot, and they 
were manifested by moderate changes in pulse and respiration, as well 
as byreddeningof the face (I degree vegetative xeactions). In 
representatives of thc secocd group, very ofteq, in the first sxonds 
of weightlessness, the face became pale and increased perspiration 
and nausea set in, with considerable changes in pulse rate (11 and I11 
degree vegetative reactions). 

The differences between these groups oZ subjects also was 
revealeu by analysis of the increase in rate of adaptation. Vegetative 
disorders were absent: after the 12th weightless cycle in the first 
yrouy and only after the 30th in the second group. Adaptation of the 
body to weightlessness was retained 3-4 nonths by tl-o pilots and 
somewhat less in the remaining subjects, 2-3 months. 

Weightlessness Cycle Number 
Nature of Reaction 

AnalT- ,.; of the notica pict-.:e material showed that motioils 
during th. irst flights frequei~tly were inaccurate, disproportionate, 
sweeping and abrupt or excessively slow, etc. In work on the coordino- 
graph, where the fine coordination of motion was studied, motor 
disorders were qualitatively approximately the sane, but they were 
mnre significant in magnitude and were observed more frequently. 

In special experiments, L. V. Chkaidze and I. F. Chekidra 
jointly carried out a biomechanical study of the motor activity under 
weightless conditions, by cyclogramoaetry. Analysis of the resulting 
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material showed that disturbances in coordination of motivn was 
caused by a decrease approximately in half of the rnaj~r d y .  mic 
components of motion, rearrangement of the terrestrial st~zreztype 
and a still greater "corticalizationm of execution of rnovcments. 

In perfomling the rotating test, it was determined that, under 
weightless conditions, in comparison with the horizontal section of 
a fiight, in which terrestrial gravity was retained, static-kinetic 
disorders were observed almost 1-1/2 times more often. 

1 Subject F subject 

1st 2nd 3rd 1st 2nd 3rd 
r l i g h t ~ l i g h t  Flight PlightFligntPlight 

Fig. 2. Duration of postrotation nystagmus and illusions 
of counterrotation (in seconds) of subject 2 ,  resist~nt 
to weightlessness, and K, with decreased resistance after 
the first, second and third parabolic flights: 1) preflight 
nystagmus; 2) postflight nystagmus; 3) preflight illusions; 
4) postflight illusions. 

Beside this, the dependence of changes in the nature of pro- /73 
tective rnotidns and duration of postrotation nystagmus on level of 
resistance of subject to parabolic flight factors was developed. In 
persons who were resictant, as a rule, under weightless conditions 
a.~d on earth after a flight, the postrotation nystagmus was shortened, 
compared with the data base and protective motions decreased; in 
nonresistant. persons, the changes were in the opposite direction 
(Fig. 2) . 

The degree of expression of static-kinetic disorders were in- 
versely proportional to the level of flight readiness of the subjects. 
Thus, disorders were noted in 16.7% of the pilot group in the first 



familiarization flights and in 81.9% of the group of persons with non- 
flight professions. At the same time, there were no static-kinetic 
disorders, beginning with the first cycle of weightlessness, in 
five pilots, who had flown more than 1500 hours in jet fightcr air- 
craft. 

Repeated brief weightlessness favored a gradual decrease in 
expression of statie-kinetic disorders. 

Analysis of che data presented above permits flight along a 
parabolic curve to be considered a functic.la1 test, for evaluation of 
the static-kinetic stability of a man. It can be evaluated as high, 
good, satisfactory and unsatisfactory. The criterion of high static- 
kinetic stability of the body is thc absence of sensory, vegetative 
and motor disorders; the criterion of good stability, moderately /74 
expressed, quickly-passing disturbances in the first 3-5 cycles of 
weightlessness; the criterion of satisfactory stability, marked, long- 
retained sensory, vegetative, motor and vestibular-somatic reactions 
during 6-i0 cycles of weightlessness; finally, the criterion of un- 
satisfactory static-kinetic stability was sharply expressed disorders 
preserved during the first 10-15 cycles of weightlessness, with 
considerable reduction in efficiency. 

The mechanism of origin of static-kinetic disorders apparently 
is disturbance of the functional, systematic nature of the analyzers 
reflecting space (G. L. Komendantov, V. I. Kopanev, 1962; M. D. 
Yemel'yanov, Ye. M. Yuganov, 1962; V. N. darnatskiy, 1962, and others). 
The accustomed terrestrial afferentation from the majority of mechano- 
receptors changes under weightless conditions, as a consequence of 
which, illusory and motor disturbances are observed initially in the 
subjects and, then, vestibular-vegetative disturbances. 

Our studies also have demonstrated that a man becomes accustomed 
to the unusual conditions of weightlessness relatively quickly. With 
repetition, the disorders were expressed to a lesser extent and were 
observe6 in a smaller number of persons. These data coincide with 

; 
the opinions of the majority of investigators ( G .  Beck, 1959; 
Gerathewohl, 1952, 1956; Ye. M. Yuganov, et al., 1961, 1962, 1963; 
L. A .  Kitayev-Smyk, 1963, 1964; K. L. Khilov, 1964). Acclimatization 
apparently is caused by the formation of a new funct.iora1 system of 
the analyzers, which is adequate to the unusual conditions and to the 
changed afferent background. Tests indicate that the expression of 
dist~rbances, rate of adaptation and length of retention of it are 
dependent to a great extent by preceding flight experience of the 
 subject.^, the degree of immobilization at the workplace, and the 
presecce of visual stimuli (Table 21). Static-kinetic disorders /75 
were observed most rarely of all among the flight personnel with a 
high level of reldiness, with firm inmobilization at the workplace 
and preserved visual reference points. They were expressed to a 
greater extent in failure to maintain one or more of the conditicns 
indicated above. The adaptation rate changed in a similar manner. 
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4. Space Form of Motionsickness 

In connection with the intensive development of ali types of 
transport, including spacecraft, the problem of seasickness (mction- 
sickness) is becoming more and more important. 

Interest in it is still increasing, because it is closely 
meshed with the problem of weightlessness, of which is a significant 
obstacle to the mastery of ssace. Weightlessness undoubtedly is one 
of the causes of seasickness. 

As a result of study of the effect on man of partial weightless- 
ness, lasting 1-2 sect created in ground units, approximate informa- 
tion has been obtained, since the exposure time was short IBergeret, 
1952; V. S. Gurfinkell,et al., 1959; Clark, Clamann, et al., 1960). 

According to the data of Ogle (1957) and other investigators 
(Ye. N. Yuganov, 1965; I. I. Kas'yan, et al., 1966; I. A. Kolosov, 
1969; Ward, et al., 1959, and nthers), people have reacted differently 
to weightlessness lasting up to one min: the adjustment of some, 
in a flight along a Kepler trajectory, was good, raised a little; a 
feeling of disconlfort arose in others and, in repeated weightlessness, 
vestibular-vegetative shifts were observed (dizziness, nausea, dis- 
orientation, etc.); in still others, vomiting began immediately. 

It would seem that, in launching a rocket, when weightlessness d 
was more prolonged (up to 8 min), the vestibular-vegetative disrupticns 
should be expressed more stronqly. Hcwever, in work carried out on 
animals, both here (A. M. Galkin, 0. G. Gorlov, et al., 1956, B. G. 
Bugrov, et al., 1958) and abroad (Henry, et al., 1952), this was not 
confi.nned. It apparently was difficult to discover vestibular- 
vegetative reactions of animals by the methods used. 

A large amount of bicmedical information on the motion- 
sickness problen has been obtaired during flights of Soviet and 
American astronauts. As is well known, motionsickness is 
characterized by sensory, motor and vegetative symptoms. It turned 
out that, under conditions of weightlessness, they occurred in 
some astronauts. Thus, sensory disruptions of various lengths were 
observed in a portion of the Soviet astronauts (N. M. Sisakyan, V. I. 
Yazdovskiy, 1962, 1964; Ye. I. Vorob'yev, ~t al:, 1969, 1970). In 
particular, astronaut A. G. Nikolayev felt the illcsion of motion 
on "entry into weightlessne~s.~ A brief feeling of forward inclina- 
tion of the trunk arose in him. P. R. Popovich and G. S. Titov had 
clearer illusory sensations during this period. They indicated an 
illusion of flight in the upside-down position. B. L. Yegcrov and 
K. P. Feoktistov experienced similar sensations, only their illusions 
were more prolonged; they arose with the eyes both closed .and open 
during the entire flight (Ye. M. Yugan*?v, et al., 1965). During the 
flight in the Salyut 9 spacecraft, V. I. Sevast'yanov noted still /76 
still another type of illusory sensation, which he called "continuous 



motion,"  a r i s i n g  a t  t h e  inomcnt cf c u t t i n g  o f f  t h e  eng ine  u n i t  i n  t h e  
middle  of  t h e  f l i g h t .  

Beside i l l u s o r y  s e n s a t i o n s ,  t h e  a s t r o n a u t s n c t e d  some somat i c  
r e a c t i o n s .  Thus, i n  t h e  38th  t o  45th o r b i t ,  b r i e f  n y s t a p o i d  mcve- 
ments ci t h e  eyes  of V. V. Tereshkova were recorded .  I. T.  
Akulinfahev,  M. D. Yemel'yancu, e t  a l . ,  1965 , ana lyz ing  them, found 
t h a t  a  s i m i l a r i t y  w i t h  normal nystagmus was expres sed ,  i n  tkc  fre- 
quency of  movements (2-3 p e r  sec) ,  t h e i r  d u r d t i o n  (8-15 sec) and t h e  
p re sence  o f  slow and r a p i d  components. The d i f f e r e n c e  c o n s i s t e d  o f  
t h e  frequency dynamics (g radua l  i n c r e a s e  w i t h  subsequent  s lowing  down) 
and o b l i t e r a t i o n  o f  d i f f e r e n c e s  between t h e  r a p i d  and slow phases  
w i t h  a c c e l e r a t i o n  of t h e  nystagmoid movements. I n  t h e  o p i n i o n  of t h e  
a u t h o r s ,  t h e s e  movements a r e  ccnnec ted  w i t h  chancje i n  t h e  f u n c t i o n a l  
s t a t 2  o f  t h e  v e s t i b u l a r  a n a l y z e r ,  on a backgroucd of  weakenir~g of 
c o r r e c t i v e  a c t i o n s  on t h e  p a r t  o f  t h e  c e n t r a l  nc::vous system. 

A s l i g h t l y  e x y r e ~ s e d  asymmetry o f  t h e  oc7-.'.#.j?.c t o r  r e a c t i o n s  was 
r e v e a l e d  :n a s t r o n a u t  P .  R. Pcpovich, owing L :?anges i n  t h e  f u n c t i o n  
o f  t h e  v e s t i b u l a r  a n a l y z e r  and r e d i s t r i b u t i c . .  :t t h e  tonus  o,C t h e  
eye  muscles.  

V2geta t ive  r e a c t i o n s ,  caused by develorment  o f  s e a s i c k n e s s  o r  
t h e  a c t i o n  o f  s t a t i c - k i n e t i c  s t i m u l i ,  a l s o  #ere no ted  when t h e  a c t r o -  ;-j 
n a u t s  were under  w e i g h t l e s s  c o n d : t i o ~ s .  W i t :  rap;? movements o f  t h e  
head o r  t u r n s  o f  t h e  t r u n k ,  some o f  t h e  a s t r o n a u g s  became d i z z y  

t' 

(G. S. T i t o v ,  P. R. Popovich, B. B. Yegorov, K. P. F e o k t i s t o v )  and 
had s i g n s  o f  d i scomfor t  (G. T. Beregovoy, A. G. N:.kolayev, V. I. 
Sevas t ' yanov) .  

Phys ic i an -as t ronau t  B. B. Yegerov r e p o r t e d  t h a t  t h ?  f e e l i n g  o f  
d i z z i n e s s  was s i n d l a r  t o  t h e  f e e l i n g  a r i s i n g  i n  a  nan,  from t h e  
e f f e c t s  of g a l v a n i c  s t i m u l i  on t h e  v e s t i b u l a r  a p p a r a t u s  [B. B. 
Yegerov, 1964, 1967'. Ac- .~>rding t o  t h e  tes t i inony o f  A. G. Nikolayev 
and V. I. S e v a s t t y a ~ o v ,  t h e  r h n c o m f ~ r t  under  " v e s t i b u l a r  load"  was 
n o t  s i m i l a r  t o  any ~f t h e  ef f : t i  c s  orc t l ie  ground (I. I. Bryanov, e t  
1 .  1970) .  A l l  o f  t h i s  confirmefi t h e  f i r s t  s t a t e m e n t s  o f  K. E .  
? ' s io lkovskiy  (1911) t h a t ,  i n  thc: s t a t e  o f  w e j  g h t l e s s n e s s ,  d i s r u p t i c n s  
o f  o r i e n t a t i o n  i n  space ,  d i z z i n e o s ,  e t c . ,  must be c.xpected. 

Marked s e a s i c k n e s s  d c ~ e l o ~ j e d  i~ some 3f t h e  a s t r o n a u t s  d u r i n g  
prolonged w e i g h t l e s s n e s s .  C. S. T i t o v  f i r s t  8 e s c r i b e d  t h i s  st ;-te.  
D e f i n i t e  s h i f t s  i n  t n e  card,i.ovasculirr cyste:; and r e s p i r a t i o n ,  a s  
w e l l  a s  v e s t i b u l a r - v e g v t a t i v e  dis~?.urbc;nrt.s, r e d u c t i o n  i n  a p p e t i t e ,  
d i z z i n e s s ,  nausea and oti :sr  symptoms, K e r e  recorded  i n  him. The 
d i s o r d e r s  dec reased ,  when t h e  a s t r o n a u t  took  a convenient  p o s t u r e  
and d i d  n o t  make a b r u p t  movements (G. S. T i t o v ,  1961) ;  t h e y  dec reased  
cons ide rab ly  a f t r r  s l e e p  and d i sappea red  ccsmp1ett:ly a f t e r  =wi tch ing  
on t h e  b rak ing  system o f  t h e  s p a c e c r a f t .  T h e  ~ j t r o ~ a u t  c?mpares 
t h e s e  phenomena w i t h  t h e  s t a t e  o f  a a a s i c k n e s s ,  which i s  < ~ b ~ e r v e d  when 
us ing  a e r i a l  t ra r . spor t  ( t h e  a e r i a l  form of  inotion y i ckness l  . 



Astronauts B. B. Yegorov and K. P. Feoktistov also displayed 
seasickness svmptoms. During the flight in the Voskhod spacecraft, 
after 1-1/2-2 ksurs of the flight, the first unpleasant sensations 
arose in the substernal region of B. B. Yegorov. They incressed, and 
they reached a maximum expression in the 7th hour of the flight. 
The seasickness symptoms disappeared after sleep. Similar phenomena, 
but less expressed, occurred in K. P. Feoktistov (Ye. M. Yuganov, et 
al., 1965). 

I~'.~.resting data were obtained during the space flight of V. V. /77  
Teresh>.r/a. Although she evaluated her state as good, after 5-6 
hours of the flight, her face appeared objectively in the television 
frames to be concentrated, there were few facial expressions, and 
motion of the head was noticeably limited. Observations of the 
instruments were c-arried out mainly by eye movements; slowness of 
speech was noted. The responses were primarily single wolds, speech 
was somewhat monotonic and somnolence and reduction in appetite were 
noted (&. M. Sisakyan, 1965). Specialists, analyzing radio trans- 
mission and television data, as well as the nystagrnoid eye movements 
and slow waves on the EEG, concluded that all this was connected to 
some extent with the specific effect of weiahtlessness on the vestib- 
ular apparatus. C 

Seasickness synptoms also were observed in the America:~ astro- 
nauts. During the first space flights in the Kercury and Gemini , .$ 
programs, feelings of "discomfort" arose in the astronauts in the i! 
state of weightlessness, because of the absence of the pressure of the 
backs and seats of the chairs, as well as of the weight of objects 
and clothing. Marked seasickness developed in several American astro- 
nauts. Thus, during the flight of Apollo 8, F. Borman felt nausea 

i and pain in the stomach. Some poor health was experienced by other 
crew members. However, in the opinions of specialists, their sea- 
sickness was caused by the effect of medicinals (soporific) and 
abrupt motions of the head and trunk in the first hours under weight- 
lessness. According to the data of Berry (1971), of 27 astronauts 
flying in Apollo spacecraft, 6 had unpleasant sensations in the 
stomach and 2 had nausea and vomiting. 

Thus, we have a basis at present for speaking of the space form 
of seasickness (G. L. Komendantov, V. I. Kopanev, 1962). 

The clinical picture of the space form of seasickness has much 
in common with ordinary "sea" or "air" sickness in the latent course 
of them (V. I. Kopanev, 1970). A reduction in appetite, dizziness, 
nausea, change in sense of taste, fluctuation in heart and respiration 
rate and other vegetative indicators, reduction in amplitude of the 
T-spike on the EKG and appearance of low-frequency oscillations in the 
EEG are noted. However, there are some singularities: a simple 
course, retention of efficiency, comparatively long period of develop- 
ment of seasickness from the start of weightlessness; a more pro- 
nounced connection between disruptions of orientation in space 
(illusory sensations) and vegetative reactions, than in the ground 
forms of seasickness (V. I. Kopanev, Ye. M. Yuganov, 1372). In fact, 
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all astronauts who had some symptoms of seasickness noted that 
efficiency did not decrease significantly, in this case. Considerable 
length of the latent period of development of seasickness from the 
start of weightlessness also was quite characteristic: it required 
at least 4 hours. 

Under ground conditions, seasickness develops, as a rule, cmsid- 
erably more rapidly. These singularities (the simple course and 
delay in development) apparently are explained by high individual 
resistance of the astronauts to the set of effects of space flight 
factors (result of selection and training) . 

Three singularities are more interesting. A close connection 
between expression of illusory sensations (flight in the upside- fi 
down position, etc.) and vegetative reactions is quite characteristic 
of the space form of seasickness. It turned out that quite long and 
persi~tent illusions of position in space were observed in the majority 
of persons with seasickness symptoms. In essence, they can be consid- 
ered as the first signs of the beginning of seasickness. For ground 
typeii of q@t-- ifisickness ("sea, " "air, " etc. ) , this pattern appears 
considerably less often. 

I 

The necessity has arisen for study of the physiological mechanisms 
of space sickness. The basis for explanation of the genesis ofmtion- 
sickness is the generally accepted theory of V. 1. Boyachek (1909, 1934, 8 
19461, the correctness of which was subsequently confirmed by his f 
students and successors (K. L. Khilov, 1933, 1934, 1936, 1939; G. G. 
Xulikovskiy, 1935, 1939; I. Ya. Borshchevskiy, 1937, 1939; A. I. 
Vozhzhova, 1946, and others). According to this theory, vertical 
movement is of significant value in development of seasickness. In- 
clined, circular and other motions, although they cause the state of 
seasickness, they do so to a lesser extent. Mechanical movements are 
perceived by the receptors of the vestibular analyzer, interoreceptors, 
proprioreceptors and cutaneornechanical sensitive elements, in which 
the specific organ of this perception is the otolith apparatus, with 
a very low stimulation threshold. Light stimuli, caused by movements 
in space, are perceived by the visual analyzer. 

It has been taken for granted that the bash causes of develop- 
ment of the state of seasickness are unusual mechanical conditions, 
which man can experience: g-forces, weightlessness, changes in 
barometric pressure, etc. (G. V. Altukhov, et al., 1962, 1965; V. I. 
Kopanev, 1963, 1964, 1970; V. S. Kompanets, 1968, and others). 
Optokinetic stimuli are among the supplementary causes. Other external 
environmental conditions have a significant effect on seasickness: 
oxygen starvation, changed temperature conditions, chemical stimuli, 
etc., (V. I. Kopanev, 1965; N. A. Razsolov, 1965; V. I. Kopanev, et al., 
1966; S. S. Markaryan, et al., 1973). 

The anthropometric singularities of man affect development of 
seasickness to a definite extent: sex, weight, age (P. M. Pynin, 
1888; V. I. Kopasev, 1970, and others). 



The basic mechanism of development of seasickness is the swnma- 
tion of small, initially normal, adjusting reactions of the body to 
static-kinetic stimuli (mechanical, optical, etc.). The stimuli 
causing seasickness act on the receptors of the analyzers in the 
functional system perceiving space and'participating in carrying out 
the balancing function. The vestibular analyzer (labyrinth mechan- 
ism) and, to a lesser extent, the visual, proprioceptive, cutaneo- 
mechanical and interoceptive extralabyrinth mechanisms of seasickness 
have a large part in the genesis of seasickness (A. I. Onufrash, 1970; 
K. K. Andronik, 1973, and others). 

At the start of action of stimuli causing seasickness, the 
excitation propagates through specific reflex pathways (normal re- 
actions) and, then, the summation of the reactions leads to a patho- 
logicnl state of the nervous system and of the entire body. Excita- 
tion by these receptors propagates, not only through specific path- 
ways, and the reaction then is accompanied by vegetative disruptions -- vomiting, dizziness, etc. (G. L. Komendantov, et al., 1972). 
According to our data (G. L. Komendantov, V. I. Kopanev, 1963), - /79 
seasickness has four phases. The first phase is increased excita- 
bility (irradiation of weak excitation in the nervous system); the 
second phase is retardation (simultaneous negative induction); the 
third phase is the onset of sharp excitation (periodic irradiation 
of strong excitation); and the fourth phase is suppression (maximum 
inhibition). 

Fluctuations of various functions (one of the indicators of the 
state of their regulatory mechanisms) and static-kinetic sensitivity 
cilange, according to these phases (N. A. Razsolov, 1965; A. I. 
Onufrash, 1970; L. A. Pomogaylo, 1970, and others). 

The sympathetic nervous system plays a significant role in the 
development of motionsickness. Removal of the upper and lower 
sympathetic nodes in experimental animals leads to almost immediate 
transition of the seasickness process in them to the second phase 
(predominance of the parasympathetic nature of the regulation of the 
function). The results of preliminary training (adaptation to rock- 
ing) could not be detected in the operative animals. The role of the 
reticular formations in the seasickness process in intact animals 
and in animals with the upper and lower sympathetic nodes removed 
has been established. The sympathetic nervous system, as the 
efferent link in the self-regulation mechanism of the nervous system, 
is of significant value in adaptation of the organism to new, unusual 
mechanical conditions (L. I. Chernikova, 1971, 1972, 1972). 

Slightly expressed er-~throcytosis, leukocytosis, neutrophilesis 
and lymphopenia have been Lound in experimental seasickness of 
animals (data of K. A. Pimenova). The number of reticulocytes 
changed most significantly (two- fourfold), reaching 26%, with an 
initial 4-13%. The number of reticulocytes was high (up to 35%) in 
anlmals, with the upper sympathetic nodes removed before rocking. 



After seasickness, fluctuations in the indicators were very much 
greater (amplitude from 20 to 46%), which indicates disruption of one 
of the regulatory mechanisms of this system. 

It follows from the work of I. I. Bryanov and F. D. Gorbov (1952), 
V. V. Boriskin (1954) , A. I. Vozhzhova (1947), R. A. Okunev (1958), 
V. I. Kopanev (1961), N. A. Razsolov (1966) and others that the state 
of the higher nervous activity is of great importance in the genesis 
of seasickness: persons of the strong type become seasick less often 
and it proceeds easier; the opposite is noted in persons with a weak 
type of nervous system. 

Conditioned reflex mechanisms play a specific part in development 
of seasickness. Thus, such stimuli as type of aircraft, ship 
rigging, etc. facilitate development of seasickness in persons, who 
have experienced seasickness in ,he past (Ya. I. Trusevich, 1887; 
P. N. Pynin, 1888; M. 0. Perfil'yev, 1891; L. R. Brodovskiy, 1900; 
A. I. Vozhzhova, 1946; V. V. Rassvetayev, 1958; Bard, 1948, and 
others). It turned out that the conditioned reflex component of sea- 
sickness cannot only start, but end it, since it is known that 
emergency signzls, great dizziness, responsibility for the life of 
the crew, etc., quickly terminate the state of seasickness, as a rule 
(Ya. I. Trusevich, 1887; McMullen, 1955, and others). This apparently * 
explains the increased resistance of some pilots to "bumpiness," 
while cant;.-olling an aircraft (effect of the working dominant) and 

1 reduction of this stability in a flight as a passenger (K. K. Platonov, 
1957). In all likelihood, the mechanism of external slowing down and 
dominants are the basis of these phenomena. 

Disturbances in the interactions of a nunber of analyzers 
zpparently has some part in development of seasickness (I. M. 

/80 
Sechenov, 1906; I. P. Pavlov, 1926; L. A. Orbeli, 1938). The question 
is of disruption of the dynamic functional system in work of the 
analyzers participating in perception of movement in space: vestibu- 
lar, propriocentive, visual, interoceptive and cutaneomechanical 
(G. L. Komendantov, 1959, 1965, 1966; G. L. Komendantov, K. A. 
Pimenova, 1973). In prolonged rolling, owing to reflex effects, 
a considerable number of changed signals reach the analyzers from 
the mechanoreceptors, as a result of which, the combined activity of 
the analyzers is disrupted and seasickness develops. 

It is possible that the origin of the vestibular-vegetative 
shiftsin weightlessness are caused by the following. As is well 
known, mechanical actions connected with gravitation stop in weight- 
lessness (V. V. Parin, V. I, Yazdovskiy, 1959). As a consequence of 
this, the activity of the analyzer systems perceiving movement of the 
body in space is disrupted, and seasickness phenomna develop. The 
reduction in seasickness of astronauts in the sleeping period also 
becomes understandable, since, according to the data of P. N. Pynin 
(1888) and other authors, vestibular-vegetative disturbances caused 
by the action of rolling and rotation during a time when a man is 
asleep are manifested to a less marked extent. However, this proposed 
mechanism of reduction in seasickness requires additional investi- 
gations on subsequent space flights. 
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A considerable reduction in seasickness after switching on the 
braking units can be explained by termination of the state of weight- 
lessness and, to a certain rxtent, by inhibition of the vestibular- 
vegetative reactions, under ihe influence of the working dominants, 
in connection with the onset of the most critical moment, entry into 
the dense layers of the atmosphere and landing. 

In analysis of the vestibular-vegetative disorders observed in 
astronauts, still another mechanism should evidently also be kept in 
mind -- the effect of Coriolis acceleration, arising in movement of 
the head relative to the center of rotation of the spacecraft cabin. 
This is confirmed by the data on increase in the vestibular-vegetative 
phenon.enon in movements of the head. There are indirect data, con- 
firming the correctness of this assumption, in the works of Graybiel 
and colleagues (1960) and Clark and colleagues (1961). In some 
sub.l%cts, slowly rotated while moving the head under ground conditions, 
these authors observed dizziness, nausea vomiting and other vestib- 
ular disorders, similar to the state of seasickness. 

However, the clinical picture of spacesickness cannot be explained 
by Coriolis accelerations alone, since the vestibular-vegetative 
disorders do not disappear when an astronaut is in a peaceful 
situation. 

Beside the physiological substantiation of the vestibular- 
vegetative reactions indicated, still another mechanism is possible 
under weightless conditions. As is well known, the property of 
inertia is preserved under decreased gravitational effects; therefore, 
the otoliths, having a certain mass, will be a source of unusual 
afferentation (change, decreased). This kind of impulse from the 
otoliths apparently has a less inhibiting effect on excitability of 
the semicircular canal receptors, as a consequence of which their 
excitability is increased, by virtue of the reciprocal relationships 
(V. I. Boyachek, 1927, 1946; K. L. Khilov, 1939, 1952; V. I. 
Kopanev, 196C; I. A. Kolosov, et al., 1967). In this case, normal 
movements of the head become superthreshold and cause vegetative 
shifts. 

It follows from the material reported above that, under ground /81 
conditions, reflex mechanisms (and, possibly, neurohumoral ones, but 
they have not yet been studied sufficiently) play the principal rcle 
in the genesis of seasickness. Ulsruptions of the functional system 
will be rare. Thus, they will occur during the action of rolling on 
a man in a closed space or in darkness (cabin, hold of a ship, etc.), 
when all the mechanoreceptors indicate mechanical actions. Visucl 
stimulation at this time signals relative rest of the body of the 
man. This disagreement in analyzer activity favors intensification 
of seasickness. The activity of the functional system perceiving 
space and participating in carrying out the balancing function of the 
human and animal bodies, is disrupted during "bumpingt1 of an aircraft, 
as a congequence of unusual load acting on this system -- repeated 

! 
small, brief g-forces and weightlessness for a long period. According 

f to our hypothesis, the main mechanism of seasickness under weightless 



conditions is disruption of the interaction of the analyzers 
(disruption of the functional system), owing to weakening and dis- 
tortion of the afferentation, originating from the mechano- 
receptors, etc. 

Coriolis accelerations, as well as increased excitability of the 
semicircular canal receptors, as a consequence of weakening of the 
inhibiting effect of the otolith portion of the vestibular analyzer, 
apparently has an important role in the genesis of seasickness, as 
was pointed out above. Concerning the conditioned reflex mechanism, 
it acquires different values, both under ground transport and space 
flight conditions, depending on many circumstances. 

Adaptation of the body to these unusual living conditions is 
very important. An evaluation of the adaptation process can be 
carried out, both from the recovery of coordination of voluntary 
motor acts, and from the degree of expression of vegetative reactions. 
If the adaptation process is evaluated on recovery of motor coordina- 
tion, it sets in quite quickly, in the opinion of the majority of 
authors. 

Tests of the effect of weightlessness in flights along a Kepler I '  

trajectory have shown that, in a number of cases, upon repetition, 
vegetative disorders also gradually disappear (L. A. Kitayev-Smyk, 
1963, 1967; I. I. Kas'yan, 1966; V. A. Kolosov, 1969, and others). 6 ; 

.. 
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Adaptation to weightless conditions can be explained by fornation 
of a new functional system in the activities of many 7-lalyzers. In 
this case, together with unusual afferentation from trle mechanical 
receptors, visual perception takes on the main part in analysis of 
spatial relationships (V. V. Parin, V. I. Yazdovskiy, 1959; N. M. 
Sisakyan, V. V. Parin, V. N. Chernigovskiy, V. I. Yazdovskiy, 1962; 
Strughold, 1955, 1957, and others). It follows from this that the 
rate of adaptation to weightless conditions is determined by the speed 
of formation of new functional systems in analyzer interactions. 
The reticular formations of the brain stem play a significant role 
here. According to the data of Word (1962), new functional systems 
are created and consolidated more rapidly in pilots, with high 
reticular formation activity. This allows them to fly well, under 
complicated meteorological conditions and to tolerate weightlessness 
better. Beside this, typological singularities of the nervous system, 
primarily mobility of the nerve processes, are of great importance in F 

creating functional systems (I. P. Pavlov). Since a new system most 
often will be fragile, unstable, the possibility is not excluded of 
disruption of it by the action of unfavorable factors. This is of /82 
great importance for prophylaxis of seasickness in a space flight. 

Taking the physiological mechanisms into account, the following 
pathways of prophylaxis of seasickness of astronauts can be planned: 

1. Special selection of persons, suitable for space flight, 
by state of health. Special attention should be given here to evalu- 
ation of the static-kinetic stability, development of more nearly 
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perfect methods of investigation of it, etc.; 

2. Extensive use of training exercises (various physical 
exercises, special apparatus, flights along the weightlessness parab- 
ala), which increase the static-kinetic stability of the plastic 
properties of the nervous system. All this creates conditions for 
forming new functional systems in analysis of spatial relationships. 
Some examples of training exercises are flights under complicated 
meteorological conditions, flights under a hood, with partial 
replacement of the visual reference points and instrument readings, 
aircraft flight along the Kapler parabola, with reproduction of brief 
weightlessness. In this case, conditions of rapid transition in 
activity of the central nervous system from one functional system to 
another is generated; 

3. Creation of optimum physiological-bvgienic conditions in the 
spacecraft cabin, since deterioration in th-r may entail slowing of 
formation of a new functional system; 

4. Use of pharmacological agents, increasing efficiency of man 
and resistance of the body to unusual mechanical conditions, especially 
weightlessness, when a new functional system of analyzer interactions 
still has not consolidated. In the future, there apparently will be 4 

extensive use of various nervous system stimulators, increasing the 
nonspecific resistance of the body (N. V. Lazarev, et al., 1959; 
V. I. Kopanev, 1961, and others). q %  

d 
5. Continual improvement of spacecraft (flight stabilization, 

etc.). It is quite possible that, for purpose? of creating favorable 
conditions for forming a new functional system, the so-called up and 
down in the cabin will have to be strengthened, by means of various 
artificial reference points, for example, by means of various light 
and sound stimuli and, possibly, odors (K. E. Tsiolkovskiy, 1911; 
K. K. Platonov, 1959). 

Organization of optimum working and rest conditions for the 
astronauts during flights is very important in prophylaxis of space- 
sickness. Reasonable compression of work operations, constant occupa- 
tion and other measures favor an increase in resistance to weightless- 
ness. 

Of course, the problem of spacesickness will be solved to a 
certain extent if artificial weight is reproduced under space flight 
conditions (K. E. Tsiolkovskiy, 1910). However, seasickness is 
possible in this case, because of Coriolis acceleration information 
(Ye. M. Yuganov, 1962; M. D. Yemel'yanov, 1968; B. B. Bokhov, M. D. 
Yemel'yanov, 1970; M. D. Yemel'yanov, A. N. Razumeyev, 1972; Graybiel, 
1971). 

It can be concluded from everything which has been said, that 
spacesickness under weightless conditions is explained mainly by 



disruption of the activity of the functional system perceiving 
space and participating in carrying out the balancing function, con- 
sisting, in particular, of the vestibular, proprioceptive, intero- 
ceptive, visual and cutaneomechanical analyzers. It can be assumed 
that, under specific conditions, Coriolis acceleration also is a 
cause of spacesickness. 

The conditioned reflex component, which can cause, intensify, /83 
weaken or remove seasickness, has a certain role in development of 
spacesickness. 

Adaptation is possible in spacesickness, by virtue of formation 
of a new functional system, which is adequate to the new mechanical 
conditions of weightlessness. 

Selection, training, creation of optimum conditions in the apace- 
craft cabin, medicinal, and technical improvement of spacecraft play 
an important role in prophylaxis of the space forrfi of seasickness. 

The necessity for further study of the spacesickness (motion- 
sickness) proble3 should be emphasized again in conclusion, since it 
is a well-known obstacle to mastery and use of new, improved types 
of transport. 

5. Vestibular Reactions of Astronauts 
During Flight in ~oskhod Spacecraft 

N'75 2 3 1 1 4  a 

As is well known, sensory and vegetative disturbances arose in 
some Soviet and American astronauts during orbital flight. The cause 
of these disorders is still not completely clear; hawever, the 
importance of the vestibular analyzer in their genesis is completely 
obvious. The latter has been confirnett experimentally. Thus, 
immediately after cutting out the vestibular apparatus of animals 
under ground conditions, vestibular-somatic, vestibular-vegetative 
disturbances are observed (disruption of the statics, rotating move-- 
ments,change in pulse rate, etc.). Approximately the same phenomena 
arise in intact animals, in the first minutes of the weightless condi- 
tions (Ye. M. Yuganov, et al., 1962; L. A. Kitayev-Smyk, 1963 -- see 
section 1 of this chapter; and others). Such shifts turn out to be 
considerably less pronounced in labyrinthectomized animals, under 
these conditions (Ye. M. Yuganov, D. V. Afanas'yev, 1964; Beck, 1954; 
Schock, 1961, and others). 

In the light of this, the importance of study of vestibular 
reaction of astronauts duri~iy long orbital flights becomes understand- 
able (G. L. Komendantov, V. I. ' Kopanev, 1962; V. V. Baranovskiy, et 
al., 1962; N. M. Sisakyan, et al., 1962, and others). In this 
respect, there is definite interest in the results of the flights of 
the multiplace Voskhod spacecraft, which, besides solution of the 
basic problem (study of the effect of prolonged weightlessness on the 
basic physiological functions and efficiency of astronauts, etc.), 



permitted evaluat ion of t h e  simultaneous e f f e c t s  of weightlessness 
on seve ra l  men, wi th  d i f f e r e n t  l e v e l s  of v e s t i b u l a r  s t a b i l i t y .  The 
l a t t e r  was a p a r t i a l ,  bu t  never theless ,  important purpose of-  t h i s  
f l i g h t .  

Preparation f o r  t he  f l i g h t  and performance of it was character ized 
by a number of s i m i l a r i t i e s ,  s i g n i f i c a n t l y  d i f f e r e n t i a t i n g  it Prom a l l  
preceding spacecraf t  f l i g h t s .  F i r s t ,  persons wi th  var ious  degrees of 
condit ioning of t he  ves t ibu l a r  analyzer were permitted on the  f l i g h t :  
V. M. Komarov hzd more s t a b l e  reac t ions ,  and he underwent ves t ibu l a r  
t r a i n i n g  f o r  a longer t i m e  than K. P. Feokt is tov and B. B. Yegorov. 
I n  one case  o r  another,  elements of a c t i v e  and pass ive  exerc i ses  
were used, with t he  l a t t e r  being c a r r i e d  ou t  s eve ra l  times pe r  week /84 
and always a l t e r n a t i n g  with a c t i v e  s p e c i a l  exe rc i se s  i n  t h e  general  
physical  t r a i n i n g  system. Before t h e  s t a r t ,  during and a f t e r  t r a i n -  
ing  exerc i ses ,  t he  func t iona l  s t a t e  of t h e  ves t ibu l a r  analyzer was 
s tud ied ,  using t h e  following methods and means: 

a )  Rotating a c h a i r  wi th  t r a n s f e r  t o  an unstable  support.  
For a period of 1 0  sec ,  t h e  person being examined was r3 t a t ed  i n  one 
d i r e c t i o n  and, then,  i n  t h e  o ther .  Af t e r  stopping rotation, t h e  
c h a i r  was t r ans fe r r ed  t o  an unstable  support  and t h e  person being 
examined had t o  maintain equilibrium. The t i m e  f o r  r e s t o r a t i c n  of 
equil ibrium and t h e  sub jec t ive  f ee l ings  were recorded; 

b )  A r o t a t i n g  c h a i r ,  i n  which C o r i o l i s  acce l e ra t i ons  were 
created.  The cha i r  was ro t a t ed  a t  a r a t e  of 180°/sec; i n  t h i s  case ,  
t h e  person being examined pe r iod ica l ly  t i l ts  t h e  head and t runk 
forward by almost 90°. T i l t i n g  w a s  c a r r i e d  ou t  f o r  a period of 3 s ec ,  
a f t e r  which a 5-second rest foilowed and, then,  s t r a igh ten ing  up. 
Rotation continued f o r  a period of 1 minute, t h e r e  was then a minute 
break, Curing which the pulse r a t e ,  sub jec t ive  f ee l ings  and expression 
of vegeta t ive  r eac t ions  were recorded. Af te r  1 min, t h e  ac t ion  was 
repeated,  bu t  with r o t a t i o n  i n  t he  opposite d i r ec t ion .  With a 
s imi l a r  ac t ion  of t h e  Cor io l i s  acce le ra t ion ,  t he  time of onset  of 
adverse reac t ions  was determined; 

c )  Khilov swing. The sub jec t  was swung with eyes closed f o r  
a period of 15 min. The vegeta t ive  r eac t ions  and sub jec t ive  F e e l i n g ~  
were rioted. 

Af te r  t r a in ing ,  t he  recovery time of  a l l  as t ronauts  decreased 
l considerably,  a f t e r  r o t a t i o n  and t r a n s f e r  t o  t h e  unstable  support.  
i For V. M. Komarov, it decreased from 5 t o  3 sec, f o r  K. P. Feokt is tov,  

from 10.8 t o  4 s ec  and, f o r  B. B. Yegorov, from 7.5 t o  5.3 sec  ( t he  
average time i s  given) .  The r e s i s t ance  of t he  v e s t i b u l a r  analynzr 
t o  t h e  Cor io l i s  acce le ra t ion  e f f e c t s  a l s o  changed. Thus, f o r  V. M. 
Komarov, paleness and l i g h t  pe r sp i r a t i on  set i n  i n  t h e  secon? minute 
of Cor io l i s  acce le ra t ion  before t r a i n i n g  and, a f t e r  t r a i n i n g ,  i n  t h e  

/ 12th minute. For K.  P. Feokt is tov,  t he  1st and 5th minutes, respec- 
I t i v e l y ,  and, f o r  B. B. Yegorov, t h e  2nd and 11th minutes. After  
'? i t r a i n i n g ,  no vest ibular-vegeta t ive  reac t ions  while swinging i n  t h e  /85 
1 Khilov swing was observed i n  t he  as t ronauts .  Their  r e s i s t a n c e  t o  t h e  
W 
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effects of optokinetic stimuli also increased; the illusion of rota- 
tion arose before training during this action and, after training, 
it did not appear. 

Despite the fact that vestibulfir stability of all astron- C.L t-8 

increased as a result of training, it was not identical in +-nm at 
the start of the flight. This also was confirmed during certain othe* 
tests and examinations, in particular, in special parabolic flights, 
which were carried out in the process of the final examination for 
determination of individual tolerance of the brief effect of weight- 
lessness by the astronauts (Table 22). Under conditions of brief 
weightlessness, some lability of the pulse rate, compared with the 
initial values, was noted in B. B. Yegorov and K. P. Feoktistov. 
The pulse of V. M. Komarov was practically unchanged. Movements of 
the first two astronauts in flight were somewhat constrained, but 
those of V. M. Komarbv were quite adequate and coordinated. 

TABLE 22 

DYNAMICS OF PULSE RATE AND RESPXRATION OF ASTRONAUTS DURING 
FAMILIARIZATION-TRAINING FLIGHTS (data of 3 weightless cycles 
on 1st flight) 

Flight Duration 
Indi- ; 

Y 

I - I - --- 
I 

66 ; ;o 1 i.ii , ti0 i T* 1 r;8 I rn 
G r ,  711 60 60 cio , c l  fin ,,. , 54 54 i 54 ! 7 , ;  I (;c, I 

asp(ration, 
cycl /min 

1c. p. baet 1 Feoktistov ,t/d 

I B. B. ~egorov ~ u l a e .  1 72 : \?ti I !J* :la 102 - 100 
b c t a t / a  100 110 '3'; 84 90 - 90 

' 0  111 H 1  1 W 84 - - 
I*.p?=aumj a I - 20 2 1  21 21 - iR 
cycl /min 1 

"9 r J  - - - - 22 1 - 1 - 1 -  



? 
i A f t e r  performing p a r a b o l i c  f l i g h t s ,  no v e s t i b u l a r - v e g e t a t i v e  

r e a c t i o n s  were observed i n  V. M. Komarov, and h i s  behavior  was 
i adequate.  Degree I v e g e t a t i v e  r e a c t i o n s  (becoming p a l e )  were noted 

i n  K. P. Feokt is tov;  a c c e r t u a t e d  mobi l i ty ,  cau t ion  and degree I1 
v e g e t a t i v e  r e a c t i o n s  (pa leness ,  hyperh id ros i s ,  l a b i l i t y  of t h e  p u l s e )  

I were observed i n  B. B. Yegorov. 

I t  is  c l e a r  from t h e  r e p o r t  o f  t h e  a s t r o n a u t s  on t h e i r  f e e l i n g s  
dur ing  t h e  f a m i l i a r i z a t i o n - t r a i n i n g  f l i g h t s ,  t h a t  V. M.  Komarov 
experienced a  f e e l i n g  of p l e a s a n t  l i g h t n e s s .  There was no d e t e r i o r a -  
t i o n  i n  s t a t e  o f  h e a l t h  o r  e f f i c i e n c y .  The s t a t e  of  h e a l t h ,  frame of 
mind and e f f i c i e n c y  of  K. P. Feok t i s tov  were e x c e l l e n t  dur ing  and 
a f t e r  t h e  f l i g h t .  B. B. Yegorov f e l t  more poorly.  The f'.rst f l i g h t  
d i d  no t  l eave  a  f avorab le  impression on him. P a r t i a l  removal of t h e  
g - lo rces  l e f t  t h e  impression of heavy p h y s i c a l  work, The s e n s a t i o n s  
were more i n t e r e s t i n g  i n  t h e  second f l ipLc.  H e  performed work 
e a s i l y  and qu ick ly  and noted no i l l u s i o ~  ... Some euphoria .  S t a t e  of  
well-being and e f f i c i e n c y  were good i n  t h e  t h i r d  f l i g h t .  

Thut,  wi th  a  high l e v e l  of v e s t i b u l a r  s t a b i l i t y ,  t h e r e  were no 
v e s t i b u l -  :-vegetative d i s o r d e r s  under w e i g h t l e s s  cond i t ions .  

The r e l a t i v e l y  low t h r e s h o l d  va lue  of  e x c i t a b i l i t y  of  t h e  v e s t i b -  
u l a r  ana lyze r  t o  a  ga lvan ic  c u r r e n t ,  t h e  presence o f  v e g e t a t i v e  4 

r e a c t i o n s  under t h e  cumulat ive e f f e c t  of C o r i o l i s  a c c e l e r a t i o n  and 
t h e  lower t o l e r a n c e  o f  b r i e f  we igh t l e s sness  i n  t h e  f l i g h t s  were 
i n d i c a t o r s ,  which permi t ted  e v a l u a t i o n  of  t h e  v e s t i b u l a r  s t a b i l i t y  of 

,B'* 

K. P. Feok t i s tov  and B. B. Yegorov a s  s a t i s f a c  :ory. f 

I n v e s t i g a t i o n s  dur ing  t h e  f l i g h t  of t h e  Voskhod s p a c e c r a f t  
contemplated s tudy of t h e  ves t ibu la r - sensory ,  motor and v e g e t a t i  s 
r e a c t i o n s .  

The fo l lowing were used f o r  t h i s :  

a )  So l f -ana lys i s  d a t a  ( w r i t t e n  and o r a l  r e p o r t ) ;  

b )  Grap?ic test. I n  performing it, t h e  s u b j e c t  assumed a  
pos tu re  convenient  fox w r i t i n g  and, under v i s u a l  c o n t r o l ,  drew 10 
small circles i n  t h e  journa l  i n i t i a l l y ,  a long a h o r i z o n t a l  l i n e ,  then  
10 small circles along a v e r t i c a l  l i n e  and, f i n a l l y ,  1 0  sma,l circles 
along t h e  d iagona l ,  forming two s i d e s  of a square  and i t s  d iagona l ,  
a s  it were. The s i z e s  of t h e  smal l  c i r c l e s  were no t  l a r g e r  than  t h e  
s i z e s  of t h e  le t ter  o  i n  o rd ina ry  w r i t i n g .  The test  waa then  repea ted ,  
b u t  wi th  t h e  eyes  closed.  I n  t h i s  c a s e ,  t h e  i n i t i a l  p o i n t  of t h e  
w r i t i n g  a l s o  was determined wi th  t h e  eyes c losed .  The r e s u l t s  of  t h e  
s tudy were eva lua ted ,  by t h e  s ize of  t h e  ang les  formed by t h e  h o r i -  
z o n t a l ,  v e r t i c a l  and by d iagonal  l i n e s ;  

c) I n d i c a t i n g  test. I n  performing it, t h e  s u b j e c t ,  wi th  eyes  
open and c losed ,  reaches  one of  t h e  c o n t r o l  panel  ins t ruments ,  l o c a t e  
a t  a  d i s t a n c e  of t h e  extended arm from t h e  face .  The r e s u l t s  of t h e  

P 
t e s t  were w r i t t e n  down i n  t h e  journal :  t h e  d i r e c t i o n  was noted  wi th  



arrows and t h e  s i z e  of  d e v i a t i o n  i n  cen t ime te r s ,  by numbers; 

d )  I n v e s t i g a t i o n  of  t h e  e x c i t a b i l i t y  t h r e s h o l d s  of t h e  v e s t i b u l a r  
ana lyze r  t o  ga lvan ic  c u r r e n t .  A s p e c i a l  appara tus  was used f o r  t h i s  
purpose. The e x c i t a b i l i t y  t h r e s h o l d  was es t ima ted  from sensory 
r e a c t i o n  d a t a  -- t h e  i l l u s i o n  of banking. While working, t h e  person 
being examined a t t a c h e d  e l e c t r o d e s  i n  f r o n t  o f  t h e  t r a g u s  of each e a r  
then set t h e  c o n t r o l  panel  mechanism i n  t h e  p o s i t i o n ,  which would 
i n s u r e  reproduct ion  of  t h e  requ i red  c u r r e n t ,  s t a r t e d  t h e  c u r r e n t  
pulse  de lay  mechanism, occupied t h e  i n i t i a l  p o s i t i o n  wi th  eyes  
c losed  and noted t h e  presence of  : . i lus ions .  I n  t h e  absence of t h e  
banking i l l u s i o n ,  t h e  c u r r e n t  s t r e n g t h  was inc reased ,  u n t i l  t h e  t i m e  
when it arose .  The minimum c u r r e n t  s t r e n g t h ,  a t  which t h e  s e n s a t i o n  
of banking appeared, was adopted as t h e  th resho ld .  A f t e r  t h i s ,  
r e a c t i o n  of t h e  t h r e s h o l d  c u r r e n t  was repeated  twice, immediately 
a f t e r  which, t h e  w r i t i n g  t e s t  was c a r r i e d  o u t  i n  t h e  f i r s t  c a s e  and 
t h e  i n d i c a t i n g  test  i n  t h e  second. Performance of t h e  w r i t i n g  and 
i n d i c a t i n g  tests b e f o r e  a p p l i c a t i o n  of  t h e  t h r e s h o l d  g a l v a n i c  c u r r e n t  
was t h e  c o n t r o l .  

The r e s u l t s  of t h e  i n v e s t i g a t i o n  showed t l a t  r e a c t i o n  of  
g-forces i n  t h e  powered s e c t i o n  of t h e  f l i g h t  and a t  t h e  moment of  # 

t r a n s i t i o n  t o  we igh t l e s sness  d i d  n o t  cause  any adverse  r e a c t i o ~ s .  
During o r b i t a l  f l i g h t ,  i l l u s o r y  s e n s a t i o n s  of t h e  upside-down 
p o s i t i o n  of t h e  body i n  space a r o s e  i n  a s t r o n a u t s  3. B. Yegorov and g s  
K. P. Fe3kt is tov .  I t  seemed t o  one o f  them t h a t  he was f a c e  dowc, I 

i n  a  ha l f -bent  p o s i t i o n ,  and i t  seemed t o  t h e  o t h e r  t h a t  he was 
turned head downward. B. B. Yegclrov and K.  P. F e o k t i s t o v  noted t h a t  
t h e  i l l u s i o n s  a r o s e  i n  them, wi th  both  c losed  and open eyes.  
According t o  t h e  r e p o r t s  cf t h e  a s t r o n a u t s ,  t h e s e  s e n s a t i o n s  were n o t  
d i s t r e s s i n g ,  and they  d i d  no t  s e r i o u s l y  i n t e r f e r e  wi th  execut ion  of  
t h e  planned work, b u t  they  inc reased  when concen t ra t ing  a t t e n t i o n  on 
t h e i r  f e e l i n g s  . 

' : I  d i s t i n c t i o n  from t h e  preceding space f l i g h t s ,  i n  which 
r a p i d l y  pass ing  i l l u s o r y  s e n s a t i o n s  a r o s e  only  a t  t h e  moment of  
t r a n s i t i o n  from t h e  e f f e c t  of  g- forces  t o  we igh t l e s sness ,  a  funda- 
mental ly new phenomenon was d iscovered  on t h i s  f l i g h t ,  t h e  i l l u s i o n  
of t h e  upside-down p o s i t i o n  was observed by t h e  a s t r o n a u t  dur ing  t h e  
e n t i r e  pe r iod  of we igh t l e s sness ,  i .e . ,  it was of a cons tan t  
na tu re .  The i l l u s i o n s  disappeared only  wi th  t h e  beginning of 
r e a c t i o n  of g-forces dvr ing  descent  of  t h e  c r a f t .  Together wi th  t h e  
i l l u s i o n s ,  K.  P. Feok t i s tov  and B. B. Yegorov a l s o  manifes ted  d i z z l -  
ness  i n  o r b i t a l  f l i g h t ,  wi th  moderate o r  ab rup t  movements of t h e  head. 
The d i z z i n e s s  was s i m i l a r  t o  t h e  f e e l i n g ,  which u s u a l l y  appeared w i t h  
t h e  a c t i o n  of t h e  ga lvan ic  c u r r e n t  on t h e  v e s t i b u l a r  ana lyze r .  I n  
connect ion wi th  t h e s e  phenomena, a s t r o n a u t s  B. B. Yegorov and K. P. 
Feok t i s tov  at tempted t o  mcva less and, i n  performing work, they  
moved smoothly. The d i z z l n c s s  was n o t  accompanied by t h e  o n s e t  of  
invo lun ta ry  movements of th,e eyes ,  a s  occurs  wi th  t h e  e f f e c t  of 
angular  and C o r i o l i s  a c c e l e r a t i o n s .  



It is extremely important that the nature and degree of 
expression of illusory sensations and Cizziness during free flight of 
the craft were the same as in the stabilized position of the craft. 
This fact is additional confirmation of the fact that the cause cf 
onset of illusory effects, in all likelihood, is not only the action 
of Coriolis acceleration, but the direct effect of weightlessness. 

We would only have the right to speak of the etiological and 
pathogenetic importance of Coriolis acceleration in genesis of the 
reactions observed, on condition that the nature and degree of 
vestibular reactions observed during the free flight period in the 
stabilized position changed significantly. 

After 1-:.I2 - 2 hours of flight (2nd orbit) syq$toms of 
vestibular-vegetative disorders apleared in B. B. Yegorov; decrease 

/87 
in appetite and unpleasant sensation in the substernal region. These 
symptoms gradually increased, and they reachee. the maximum expression 
in the 7th hour (5th orbit). The vestibular-vegetative disorders 
almost completely stopped after sleep. Similar symptoms also were 
noted in K. P. Feoktistov, but they were less pronounced. 

As a result of the vestibulometric investigations carried out 
directly in flight, it was found that the numerical values of the 
excitability threshold of the vestibular analyzer to the galvanic 
current were the same under weightless conditions, as in the ground 
situation; they were 3.2 mA for V. M. Komarov, 1.9 mA for K. P. 
Feoktistov and 1.4 mA for B. B. Yegorov. However, in view of the 
extremely small number of measurements, this observation cannot be a 
basis for any conclusions, as to changes in sensitivity of the vestib- 
ular analyzer in orbital flight. There is no aoubt that a similar 
type of investigation must be continued, so as to obtain quantitatively 
adequate data. 

In analysis of the results of the indicating and writing tests, 
only a negligible reeuction Ln accuracy of performance of fine, 
coordinated movements was revealed, which can be evaluated as a 
consequence of change in functional state of the vestibular and 
motor analyzers (Table 23). Changes in accuracy of movements in the& 
indicating test Cid not exceed 1.5 cm, comparzd with the control test. 

The results of the flight showzd that existing methods of ground 
examination permits forecasting, to a certain extent, the possibility 
of emergence of vestibular disorders in flight. V. M. Komarov turned 
out to have excellent vestibular stability before the flight, and no 
adverse vestibular reactions were observed in him during the flight. 
The vestibular reactions of K. P. Feoktistov and B. E. Yegorov were 
rated as satisfactory; vestibular-vegetative reactions, of the space- 
sickness type, developed in them. 

It must be noted that use of the vestibular examination mcthod 
is still insufficient for determination of the nature and degree of 
manifestation of possible vestibular disorders. The iact is that, 
under space flight conditions, the onset of adverse reactions is not 
only determined by changed vestibular afferentation, but it depends 
96 



TABLE 23 

RESULTS OF PERFORMANCE OF WRITING TESTS BY ASTRONAUTS UNDER 
GROUHD CONDITIONS AND DURING FLIGHT OF VOSKHOD SPACECRAFT 
(in degrees) 

I 1- _-9 es O w n  j Eyes Closed 

Astronaut I Stage o f  Investigation Angles -- . 
. \ I% 1 .\ 1 1: 1 -11: 1 A 1 R 

I 
Ground conditions 

V- M a  mrnarov during flight / M I 1 2  16 8 1 1 4 1  4.1 
1st investigation 86 49 37 -- 
2nd investigation 
After 8timulation with galvanic 
current 

K. P. Feaktisto Ground conditions 
during flight 
1st investigation 
after stimu) w ~ e h  tion galvanic current 

B. B. Yegorov Ground conditions 
during fliqb+. 
1 t invest1 atton 
&er stmq?atlon 

w l t h  galvanic current 
2nd investigation 
after stimulation 

with galvanic current 

Note: Angle AB is formed by the vertical and horizontal lines 
of small circles; angle A, by the horizontal and diagonai lines; 
angle B, by the vertical and diagonal lines of small circies. 

on disruption of the interaction of other analyzer systems. In 
connection with this, in inproving existing methods of vestibular 
selection, the development of such procedures is required, as would 
take account of the fine mechanisms of interaction of the vestibular 
analyzers with other afferent systems. In particular, it is necessary 
that procedures, permitting evaluation of all features, on which 
vestibular stability depends, be represented uniformly: the excita- 
bility thresholds of the vestibular and otolith apparatus in the 
pure form (cupulornetry, otolithometry), the singularities of inhibit- 
ing processes and resistance to cumulative actions. 

Thus, the obsevvations have shown that the differing vestibular 
resistances of the Voskhod spacecraft crew members to a one-day stay 
under weightless conditions (high in V. M. Komarov and satisfactory 
in B. B. Yegorov and K. P. Feoktistov) is con~&cted with ncnuniform 
initial sensitivity of the vestibular apparatus, as well as with 
different lengths of vestibular training. 



It should ! amphasized at the same time that intensive vestib- 
ular training of persons with a moderate degree of sensitivity of the 
vestibular analyzer does not ensure vestibular stability under weight- - less conditions. 



CHAPTER 3 

VEGETATIVE REACTIONS IN WEIGHTLESSNESS 

1. Blood Circulation U~der Weightless 
Conditions 

In study of the action of weightless conditions on man, their /89 
effect on blood circulation has always attracted the attention of 
investigators, since life and efficiency of the body depend greatly . on the functional state of the cardiovascular system and the blood- 
producing organs. 

In recent years, domestic and foreign investigators have 
obtained quite a large amount of material on the effect of weight- 
lessness on the blood circulation system of animals and man (B. G. 
Bugrov, et al., 1958; A. M. Galkin, et al., 1958; Yu. M. Volynkin, 
et al., 1962; K, M. Babayevskiy, 0. G. Gazenko, 1962; V. V. Parin, 
et al., 1962; N. M. Sisakyan, V. I, Yazdovskiy, 1962, 1964; V. I. 
Yakovlev, 1962; I. T. Akulinichev, et al., 1963; I. I. Kas'yan, 1963; 
I. I. Kas'yan, et 3J., 1965; P. V. Vasil'yev, et al., 1965; Yu. Ye. @ 
Moskalenko, et al., 1971; Augerson, et al., 1961; Laughlin, et al., 
1961; Berry, 1963). Nevertheless, up to the present time, there have 
been no generalizec works on these questions, although the necessity 
for this is completely obvious. We have attempted to fill this gap. 
Both materials from our research and data in the literature have 
been rs ?d here. 

The basic stages of mastery of circumterrestrial space, with 
participation of aniwals, in the Soviet Union, are characterized in 
Table 24. Data on the flights of the Soviet astronauts were pre- 
sented in Table 1. 

Tables 25 and 26 contain information on the changes of certain 
indicators of the work of the cardiovascular system of dogs, during 
suborb. :.a1 flights, up to altitudes of 100-473 km. 

In the experimental animals under weightless conditions, as a 
rule, the pulse slowed down and the blood pressure decreased. This /90 
state was preserved regularly to the end of the state of weightless- 
ness. In the first half of the period of weightlessness, the pulse 
was accelerated in 6 cases, slowed in 12 and remained ur,changea in 4 
cases, with respect to the data of examination at the end of injec- 
tion of che craft into orbit. In the second half of the weightless 
period the pulse rate was the initial one in the majority of measure- 
ments (see Table 25). All the animals can be divided into three 
2.:oups, by direction of the physiological reactions: 1) with distinct 



TABLE 24 

1 BASIC STAGES OF MASTERY OF CIRCUMTERRESTRIAL SPACE WITH 

I PARTICIPATION OF ANIMALS 

Nature of F l i g h t  

Suborb i ta l  f l i g h t s  

Up t o  a l t i t u d e  of 
110 km 

Up t o  a l t i t u d e  of  
210-212 km 

Up t o  a l t i t u d e  of 
450-473 km 

O r b i t a l  f l i g h t  

same 

Il  

I1 

I1 

O r b i t a l  f l i g h t  

- 

Launch 
Date 

1949- 
19 5 6 

1956- 
1960 

1958- 
19 59 

3 .Nov 
1957 

19 Aug 
1960 

1 Dec 
1960 

9 Mar 
1961 

22 Mar 

22 Feb 
1966 

1 

Inves t i -  
ga t ion  

26 dogs 

20 " 

6 " 

Layka 

Belka 
and 

S t r e l k a  

Pchelka 
and 

Mushka 

Cher- 
nushka 

Zvez- 
dochka 

Veterok 
and 

Ugolek 

Sta;. Time 
i n  Weight- 

l e s s n e s s  

3.7 min 

6 " 

9 n 

~ u r i n g  
e n t i r e  
o r b i t a l  
f l i g h t  
29 h r s  

25 h r s  

65 min 

65 " 

528 h r s  

P 

I n d i c a t o r s  of 
Funct ional  S t a t e  of 

Card iovasc~l la r  Systems 

Pulse  r a t e ,  blood 
pressure  

Pulse  r a t e ,  blood 
pressure ,  b i o e l e c t r i c  
a c t i v i t y  of  h e a r t  (EKG 
i n  two l eads )  

same 

Pulse  r a t e ,  blood 
pressure ,  b i o e l e c t r i c  
a c t i v i t y  of  h e a r t  (EKG 
c h e s t  l e ad )  

Pulse  r a t e ,  b i o e l c c t r i c  
a c t i v i t y  of h e a r t  (EKG 
i n  ches t  leads!, phono- 
cardi.ogram, blood 
pressure  

Pulse r a t e ,  b i o e l e c t r i c  
a c t i v i t y  of h e a r t  (EKG) , 
phonocardiogram, seis- 
mocardiogram 

Pulse  r a t e ,  h e a r t  muscle 
b i o p o t e n t i a l s  (EKG, i n  
two l e a d s ) ,  sphygmo- 
gram 

same 

Pulse  r a t e ,  r e s p i r a t i o n  
rate, b i o e l e c t r i c  
a c t i v i t y  of h e a r t  (EKG) , 
seismocardiogram, blood 
pressure ,  hematological 
s tudy 



TABLE 25 

CHANGE I N  PULSE RATE AND BLOOD PRESSURE OF DOGS DURING THEIR STAY 
'UNDER WEIGHTLESS CONDITIONS (not over 690 sec), COMPARED WITH DATA 
RECORDED AT END OF POWERED SECTION 

Note: In the  numerator, number o f  measurements; i n  the  
denominator, range of change i n  indices  studied.  

Flight 
Altitude, 
km 

P 

' 100-1 10 

200-212 

450-473 

No* 
of 

kg. 

8 

10 

6 

G 
Q) 

r .niJ 

~eighti-a8 

Physiological 
Indicators 

Pulse rate, beat/min 

Maximum level of blood 
pressure, mu H g  

Minimum level of blood 
pressure, mm H g  

pulse rate, b e a t / h  

Maximum level of blood 
pressure, nun H g  

Minimum level of blood 
pressure, nun H g  

Pulse rats, beat/min 

I Maximum level of blood 
pressure, m Hg 

Minimum l eve lo f  blood 
pressure, nrm H g  

60-170 

130-170 

60-75 

115-265- 

200-240 

.%-70 

160-210 

188-265 

105-138 

2 - 
15-37 - 

- 

4 
12-12' 
- 

- 

- 

- 

- 

4 - 
15-32 

2 ------ 
15-24 

3 -- 
12- I3 

4 -- 
15-127 

4 - 
25-40 

I - 
0 

4 - 
20-63 

3 - 
13-35 

I - 
20 

2 - 
0 
2 - 
0 

- 
0 

2 - 
0 
- 

- 

- 

- 

2 
0 

1 - 
78 
- 

I - -  

2 - 
60-80 

I - 

- 

- 

2 
15-30 

a 
15-20 

- 

m 

6 - 
0 

- 

6 - -  
0 
2 -- 
0 

2 -- 
0 

5 - 
0 

- 

20-30 

- 2 - 
0 



TABLE 26 

CHANGE I N  BLOOD PRESSURE AND PULSE RATE I N  NARCOTIZED ANIMALS 
DURING SUBORBITAL FLIGHTS C? TO ALTITUDES OF 210-212 km 

slowing down of t h e  p u l s e  and reduc t ion  i n  blood p ressure ;  2) with-  
o u t  n o t i c e a b l e  changes i n  t h e s e  i n d i c e s ;  3) w i t h  i n c r e a s e  i n  p u l s e  & 
r a t e  and i n c r e a s e  i n  blood p ressure .  The f i r s t  nroup was t h e  most 
numerous. 

- 
Name of Dog 

Belka 

Modnitsa 
Pal 'ma 

V. I. Yakovlev (1962),  i n  a  s tudy  of  t h e  s t a t e  of t h e  p e r i p h e r a l  
blood c i r c u l a t i o n  i n  animals ,  before f l i g h t s  i n  geophysica l  b a l l i s t i c  
r o c k e t s  i n  t h e  upper l a y e r s  of  t h e  atmosphere, dur ing  f l i g h t  and 
a f t e r  it, determined t h a t  t h e  maximum a r t e r i a l  and venous p ressure  /92 
and blood flow r a t e  were unchanged. There a r e  no s i g n i f i c a n t  d i s -  
turbances  of t h e  p e r i p h e r a l  v e s s e l s ,  wi th  t h e  excep t ion  o f  some 
reduc t ion  i n  v a s c u l a r  tonus.  G. I. Pavlov ( l 9 6 3 ) ,  s tudy ing  t h e  
a r t e r i a l  and venous p r e s s u r e  of  i n t a c t  and labyr in thectomized dogs, 
i n  an a c u t e  experiment under w e i g h t l e s s  c o n d i t i o n s  (dur ing  r l i g h t  
a long a Kepler p a r a b o l a ) ,  found t h a t  t h e  maximum and minimum a r t e r i a l  
p r e s s u r e  of i n t a c t  dogs decreased by 20-40 mm Hg, a t  t h e  beginning 
of weight lessness ;  t h e  blood p r e s s u r e  i n  t h e  r i g h t a u r i c l e d r o p p e d  by 
15-25 mm Hg. By t h e  end of t h e  pe r iod  of we igh t l e s sness  ( i n  25-30 
sec), t h e  a r t e r i a l  p r e s s u r e  had r e t u r n e d  t o  t h e  i n i t i a l  v a l u e s  and 
t h e  venous p r e s s u r e  inc reased  somewhat, b u t  remained below t h e  
i n i t i a l  va lues .  The changes were n e g l i g i b l e  i n  t h e  l a b y ~ i n t h e c t o -  
mized dogs. The au thor  connects  t h e s e  r e a c t i o n s  wi th  t h e  v e s t i b u l a r  
ana lyze r  func t ion .  

I n  a number of experiments  t o  r e v e a l  c e r t a i n  phys io log ica l  
mechanisms, s t u d i e s  were c a r r i e d  o u t  on n a r c o t i z e d  animals .  No 
expressed changes were observed,  on t h e  p a r t  o f  t h e  p u l s e  r a t e  and 
a r t e r i a l  p r e s s u r e ,  i n  t h e  animals  under n a r c o s i s .  This  f a c t  i n d i -  
c a t e s  a  l a r g e  r o l e  of t h e  e x t e r o c e p t i v e  and i n t e r o c e p t i v e  r e f l e x e s  
and t h e  f u n c t i o n a l  s t a t e  of  t h e  h i g h e r  s e c t i o n s  of t h e  c e n t r a l  
nervous system i n  forming phys io log ica l  r e a c t i o n s .  S i m i l a r  r e s u l t s  
were obta ined i n  t h e  work of  Henry and c o l l e a g u e s  (1952),  i n  exper i -  

C 

i 
ments c a r r i e d  o u t  on n a r c o t i z e d  monkeys i n  r o c k e t  f l i g h t s  t o  
a l t i t u d e s  of 60-120 km. S i g n i f i c a n t  d i s r u p t i o n s  of  t h e  v e g e t a t i v e  
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sec Indicator -- 
>.;--1;11 , l7,I-2CCl 1 :?;I,- ;;I, 

Pulse rate, beat/min 
Arterial pressure (maximum) mm Hg 
Pulse rate, beat/min 
Pulse rate, beat/min 
Arterial pressure (maximum) XIUII Hg 

!XI 

- 
210 
120 

172-220 

84-90 

85 --90 
216 

110-115 

200-180 
110-13.5 Arterial pressure (minimum) nnn Hg , - 

90-% 

90 
200-192 

145 

180-170 
100-1 10 

81-%) 

80-YO 
I88 -180 

143 

- 
100-110 



f u n c t i o n s  were n o t  noted,  b u t  a  tendency towards reduc t ion  i n  a r t e r i a l  
and vecous p r e s s u r e  was observed i n  t h e  w e i g h t l e s s  s t a t e .  

Morpholoc_ical examinat ions o f  t h e  blood were c a r r i e d  o u t  b e f o r e  
and ~ f t e r  s u b o r b i t a l  f l i g h t s .  Regularly,  wi th  t h e  excep t ion  o f  one 
c a s e ,  an i n c r e a s e  i n  number o f  leukocytes  and s t a b n u c l e a r  forms 
(from 2 t o  30%) and a  dec rease  i n  number of lymphocytes were noted.  
It i s  d i f f i c u l t  a t  p r e s e n t  t o  e s t a b l i s h  t h e  cause  of  t h i s  phenomenon. 
It apparen t ly  is  caused by development of  stress r e a c t i o n s  i n  t h e  
animals  t o  t h e  e n t i r e  set  of f a c t o r s  and, f i r s t  and foremost ,  t o  t h e  
e f f e c t  of g-forces dur ing  e n t r y  i n t o  t h e  dense l ~ y e r s  of t h e  atmos- 
phere and t h e  impact g-forces i n  landing.  A d e f i n i t e  p a r t  a l s o  is  
played by r e d i s t r i b u t i o n  o f  t h e  blood and, p r i m a r i l y ,  e n t r y  i n t o  it 
of whi te  elements  from d e p o s i t i n g  organs  (I. I. Kas'yan, e t  a l . ,  /93 
1962). P r e f l i g h t  and p o s t f l i g h t  examination o f  t h e  r e d  blood o f  12 
dogs demonstrated t h e  absence of d e v i a t i o n s  from normal. 

Q u i t e  a  number of  s t u d i e s  have now been c a r r i e d  o u t ,  on t h e  
e f f e c t  of  b r i e f  we igh t l e s sness  on man, c a r r i e d  o u t  dur ing  f l i g h t s  
of a i r c r a f t  a long a Kepler parabola  (I. I. Kas'yan, 1962, 1963; 
Dir ingshofen,  1951, 1959; Beck, 1953, 1954, 1956, 1958, 1959, and 
o t h e r s )  and dur ing  rocke t  l&i;ches (Augerson, Laughlin, 1961; 
Laughlin, Augerson, 1961, and o t h e r s ) .  

Data on t h e  p u l s e  r a t e  and a r t e r i a l  p r e s s u r e  dynamics o f  persons 
examined dur ing  we igh t l e s sness  parabola  f l i g h t  a r e  p resen ted  i n  
Table 27. A l l  t h o s e  examined can b e  d i v i d e d  i n t o  t h r e e  groups,  by 
d i r e c t i o n  o f  change i n  t h e s e  i n d i c a t o r s :  The i n d i c a t o r s  decreased 
i n  r e p r e s e n t a t i v e s  of t h e  f i r s t  group; they  i n c r e a s e d  i n  persons  i n  
t h e  second group; and t h e  i n d i c a t o r s  were unchanged i n  r e p r e s e n t a t i v e s  
of  t h e  t h i r d  group. During h o r i z o n t a l  f l i g h t ,  a  quickening of  t h e  
pu l se  was observed i n  t h e  major i ty  of t h o s e  examined, which apparen t ly  
i s  evidence of  nervous-emotional stress. Weightlessness,  a s  an 
unusual f a c t o r ,  i n i t i a l l y  favored  a n  i n c r e a s e  i n  stress; however, 
t h i s  stress decreased subsequent ly ,  i n  p ropor t ion  to  t h e  e f f e c t  of 
we igh t l e s sness ,  a s  a  r e s u l t  o f  which a tendency towards slowing 
down of t h e  p u l s e  and a  decrease  i n  a r t e r i a l  p r e s s u r e  was noted.  
I n  t h i s  case ,  t h e  r a t e  o f  r e t u r n  of t h e  c a r d i o v a s c u l a r  system 
func t ions  t o  normal depended mainly on i n d i v i d u a l  s i n g u l a r i t i e s  of 
t h e  body (I. I. Kas'yan, 1963, and o t h e r s ) .  

Data from s tudy of  t h e  b r a i n  and p e r i p h e r a l  blood c i r c u l a t i o n  
a r e  of  d e f i n i t e  i n t e r e s t .  T e s t  r e s u l t s  have shown t h a t ,  d e s p i t e  
l a r g e  i n d i v i d u a l  d i f f e r e n c e s ,  some g e n e r a l  r e g u l a r i t i e s  a r e  observedL94 
i n  t h e  r e a c t i o n s  of t h e  i n t r a c r a n i a l  and p e r i p h e r a l  blood c i r c u l a t i o l ~  
during b r i e f  we igh t l e s sness .  While an i n c r e a s e  i n  p u l s e  wave 
ampli tudes by 35-50% over  t h e  i n i t i a l  l e v e l  was noted  i n  t h e  lower 
ex t remi ty  rheograms, dur ing  t h e  time of  a c t i o n  of  g- forces  be fo re  
and a f t e r  t h e  w e i g h t l e s s  s t a g e ,  dur ing  we igh t l e s sness ,  t h e  p u l s e  
wave became equal  t o  t h e  i n i t i a l  ones o r  less than  them. In  d i s -  
t i n c t i o n  from t h i s ,  t h e  rheoencephalogxam p u l s e  waves (recorded wi th  
temporal e l e c t r o d e s )  changed l i t t l e  dur ing  t h e  a c t i o n  o f  g- forces .  
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TABLE 27 

CHANGE IN PULSE RATE AND BLOOD PRESSURE OF 83 SUBJECTS 
DURING HORIZONTAL FLIGHT AND AFTER WEIGHTLESSNESS 
PARABOLA FLZGHT, COMPAmD WITH BASELINE DATA, AND IN 
PERIOD OF WEIGHTLESSNESS WITH RESPECT TO RESULTS OF 
EXAMINATION DURING HORIZONTAL FLIGHT 

Weightlessness 

Pulse, beat/min 

Arterial Pressure (maxfinmal , nrm Hg 

Arterial Pressure (minimum), mm Hg 

Note: Number of measurements in numerator; range of 
indicators studied in denominator. 

However, in the first few seconds of weightlessness, their amplitude 
decreased from the initial by 15-25%, but it then recovered. The 
fact itself that the intracranial pulsation under conditions of 
brief weightlessness changes negligibly is evidence of the possi- 
bility of stabilization of the blood circulation in the brain, by 
means of special regional mechanisms (Lassen, 1959; Yu. Ye. Moskalenko, 
1967). 

Characteristic changes were found in analysis of the bioelectric 
phenomena taking place in the cardiac muscle. I. I. Kas'yan (1962), 
in tests on 55 subjects, found that the EKG elements began to rsturn 
to normal, together with a slowing down of the pulse, under condi- 
tions of brief weightlessness. The P2, R and Tz spike voltages 
approach the values recorded in horizontaf flight, and the P-Q, 
QRS, 0-T, as well as the electrical axis of the heart, were within 
permiesible limits of physiological fluctuations. 

It can be concluded from the materials on the effect of brief 
weightlessness (up to 45 sec) that there are no significant dis- 
turbances of the cardiovascular system during weightlessness of this 



length. Data also were obtained in these studies, on the reduction 
I 

in arterial pressure, decrease in pulse rate and instability of 
certain vegetative indicators under weightless conditions. Howelrsr, 
these data are insufficient for final conclusions on the state of 
blood circulation under conditions of prolonged weightlessness. 
Moreover, during the parabolic flights in aircraft, before and after 
the state of weightlessness, g-forces acted (up to 3.5 g), which 
made data analysis extremely difficult. Special studies were 
necessary, on animals under prolonged weightlessness. This became 
possible with the launches of artificial earth satellites. In the /95 
first experiment, in the prelaunch period, the cardiovascular 
system indicators were within normal limits: pulse rate was 78-120 
heats per minute, length of P-Q and Q-T intervals were 0.12-0.2 and 
b.18-0.26 sec, respectively. After injection of the satellite into 
orbit, the pulse rate initially increased somewhat, compared with 
dsta obtained during injection of the craft into orbit, and it then 
began to gradually approach the initial data. However, it was 
reached approximately three times slower than under ground conditions, 
when the animals were subjected to g-forces of the same magnitude. 
Tte length of the P-Q and Q-T intervals in the weightless state were 
within 0.09-0.12 and 0.21-0.25 sec, respectively. The shape and 
size of the T-spike underwent quite considerable changes: It was • ! 

negative in the prelaunch period and positive, during orbital flight. 
These changes in T-spike amplitude apparently depended on change in 
position of the electrical axis of the heart. $9 

f 
TABLE 28 

CHANGE IN PULSE RATE (beats per minute) OF DOGS DURING LONG 
STAY UNDER WEIGHTLESS CONDITIONS 

Weightlessness (Orbits) 

Dog 

---- .- 

Strelka 

Belka 

Pchelka 

R j  72 69 70 i 5  / i 9  h8 113 121 101 l i ;  YX 
- 7 0 l A 1 1  5 7 . 0  17.8 2 4 , P  18.1 11.5 14 5 17.4 9.1 
70 62 70  ti9 ( i l  IPO I :Ui 85 71 3 74 

14 0 1; 7 H 4 H . ! ! 3 . I  27 4 4ti .O 4 4 1; 3 13 :$ h ,-) 

U 119 RX A l i  il l i l  80 77 80 lili (iU ti7 
1 q 7  1 1 . 1  1 2 9  1 n . 3  13.41 7 7  8 . 1  s n  -- -- - 

Note: M, arithmetic mean; a, root mean deviation. 



TABLE 29 

CHANGE I N  CERTAIN ELECTROCARDIOGRAM INDICATORS OF DOGS 
DURING LONG STAY UNDER WEIGHTLESS CONDITIONS (average 
d a t a )  

Strelka 

Be lka 

EKG Para- 
meter 

1'-.-0. c 
0- T * 
IJl.rel uni t  
11, a s 

T, r * 
Sys Ind, % 

Prelaun Weightlessness (Orbits) 
Data - Initial+ . . - - -- - -- 

I n  subsequent  launches of space s a t e l l i t e s  wi th  animals  abcard ,  
a g r e a t  amount of biomedical informat ion  was obta ined.  
Some d a t a  on t h e  p h y s i o l o g i c a l  r e a c t i o n s  of t h e  exper imenta l  animals  
a r e  presented  i n  Tables  29 and 30. Analys is  of t h e  m a t e r i a l  shows 
t h a t  changes i n  t h e  t i m e  parameters  o f  t h e  EKG and p u l s e  r a t e  a r e  /96 
mutually c o r r e l a t e d .  I n  t h o s e  c a s e s  when t h e r e  is  a quickening of  
t h e  pu l se ,  shor ten ing  of  t h e  P-Q and Q-T i n t e r v a l s  is observed,  and 
v i c e  versa .  I n  n e a r l y  a l l  t h e  animals ,  dur ing  t h e  s t a y  under weight- 
l e s s  c o n d i t i o n s ,  t h e  p u l s e  and elec t rocardiogram,  i n i t i a l l y  changed, 
then  approached t h e  i n i t i a l  va lues :  q u i t e  r a p i d l y  i n  some, s lowly 
i n  o t h e r s  (by t h e  2nd o r b i t  around t h e  e a r t h  f o r  S t r c l k a  and 
Pchelka, i n  t h e  1st by Belka and i n  t h e  1 4 t h  by Mushka). 

The i n s t a b i l i t y  of t h e  p u l s e  r a t e  should be noted i n  a l l  
exper imenta l  animals;  it was r e t a i n e d  t o  t h e  end o f  t h e  s t a y  under 
we igh t l e s s  c o n d i t i w s .  Considerable quickening of t h e  p u l s e  was 
observed i n  Belka and S t r e l k a ,  dur ing  t h e  7 th  and 1 3 t h  o r b i t s  around 
t h e  e a r t h .  V. V. Pa r in  and co l l eagues  (1962) e x p l a i n  t h i s  by 
p e r i o d i c ,  wavelike s h i f t s  i n  t h e  sympathet ic  and parasympathet ic  



TABLE 30 

CHANGE I N  CERTAIN PHYSIOLOGICAL INDICATORS OF DOGS DURING 
THEIR STAY UNDER WEIGHTLESS CONDITIONS FOR ABOUT AN HOUR 
(average d a t a )  

I Initial3 PerioQ of 
~hyoiological 1 pR5:un& Ieight1e~snm.- 

-----.- Indicator 4 hrs 5 lain , I , . ,  1 ri-: 1 I , - , ,  

I I I 
Chernurhlca Pulse rate, b e a ~ m i n !  I-i I Iri I 1 1 0 1  

I tJ-t./. t, i 0.0ti 1 0.10 I '"3 10 o . C *  0.11 

/ I  . * 
7',  . >, 

, SYS. Ind., % 

T ;  B ,. 1 0 : Y  j 0.12 1 0 - \ 3  ! I Sys. Ind., % I i "' i 1 9 . 0  ! - 

! ~verdochka 1 P&O rate,but,mi - !):LO 
1, 0, t 0.m; 0.10 
0-- r, (- 0.26 0.22 
1'1. re1 units 0.40 
N ,  * * I 

Note: H-1,  first 5 min; H-2, second 5 min; H-K, f i n a l  5 min 
o f  f l i g h t  under we igh t l e s s  cond i t ions .  

e f f e c t s ,  caused by change i n  a f f e r e n t a t i o n .  I n  t h i s  case, t i e  
i n c r e a s e  i n  p u l s e  r a t e  a l s o  may be c ~ n n e c t e d  w i t h  t h e  d i u r n a l  rhythm. 
A s  is known,the 6th and 7 th  o r b i t s  correeponded to  the end of  one 
day and t h e  1 3 t h  and 14 th  o r b i t s  t o  t h e  s t a r t  o f s n o t h e r .  Analys is  
of t h e  EKG ampli tude parameters  was t h e  most d i f f i c u l t .  I n  s i x  
dogs, t h e  P1-spike ampli tude i n  t h e  w e i g h t l e s s  s t a t e  f ac reased  i n  
one (Zvezdochka), inc reased  i n  four  and was p r a c t i c a l l y  unchanged i n  
one ( S t r e l k a ) .  The R1-spike v o l t a g e  inc reased  i n  Chernushka and 
Pchelka, decreased i n  Zvezdochka, S t r e l k a  and Mushka and was un- 
changed i n  Belka. The d i r e c t i o n  of t h e  change i n  T -spike ampli tude 
whs s t i l l  more indeterminate .  I t  i n c r e a s e d  i n  two hogs (Zvezdochka, 
S t r e l k a ) ,  decreased i n  Chernushka arid Belka and was unchanged i n  
Pchelka and Mushka. These d i f f e r e n c e s  a r e  expla ined t o  a c e r t a i n  
e x t e n t ,  by t h e  i n d i v i d u a l  s i n g u l a r i t i e s  o f  the h i g h e r  r e g u l a t i n g  
mechanisms of t h e  v e g e t a t i v e  f u n c t i o n s  of t h e  animals  and t h e  
s i n g u l a r i t i e s  of t h e  te lemetry .  A s  i s  well-known, d i s c r e t e  record-  
i n g  c f  t h e  EKG i n c r e a s e s  t h e  e r r o r  i n  de te rmina t ion  of t h e  ampl i tudes ,  
e s p e c i a i l y  of t h e  P- ant? R-spikes, t h e  more so t h a t  t h e  record ing  
q u a l i t y  f r e q u e n t l y  dec reases ,  because of imposi t ion  o f  muscle L 19 7 
b i o c u r r e n t s ,  genera ted  by movements of t h e  animals .  During t h e  
o r b i t a l  f l i g h t s  of Belka and S t r e l k a ,  a r t e r i a l  preosure  and phono- 
cardiograms were recorded. Analys is  of  t h e  d a t a  ob ta ined  shows t h a t  
t h e  a r t e r i a l  p r e s s u r e  decreased under w e i g h t l e s s  c o n d i t i o n s ,  a s  a 
r u l e ;  however, t h e r e  were p e r i o d s  when it increased.  Thus ,  t h e  
a r t e r i a l  p r e s s u r e  o f  S t r e l k a  d i r e c t l y  b e f o r e  t h e  f l i g h t  was 140/51, 
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I 

! 
! xum Hg, 96/34 mm Hg during t h e  4th o r b i t  around the e a r t h  and 

112/31 mm Hg on t h e  14th  o r b i t .  A weakening of  tones  I and I1 of 
i the h e a r t  was noted i n  t h i s  dog under weight less  condi t ions  although, 
I 
r 

i n  t h e  prelaunch examinations, t h e  phonocardiogram was normal f o r  

i t h i s  spec ies  of animal (V. V. Antfpov, e t  a l . ,  1962). 

i It could be concluded from t h e  materials obtained during t h e  /98 
long s t a y  of t h e  animals under weight less  condi t ions ,  t h a t  research 
with  human p a r t i c i p a t i o n  was possible.  A s  is  wel l  knwm, 25 men i n  
t he  USSR have completed o r b i t a l  space f l i g h t s  a t  t h e  present  time; 

i t h r e e  of them have flown twice, and V. A. Shatalov and A. S. t Yeliseyev, t h r ee  times. 

- .  

Orbit 
L I 

Fig. 3. Pulse r a t e  a t  ind iv idua l  s t ages  of f l igh t .  under 
i weight less  condi t ions ,  of a s t ronau t s  G. S. T i tov  (l),  A. G. 
I 

Nikolayev ( 2 ) ,  V. F. Bykovskiy ( 3 ) ,  P. R. Popovich ( 4 )  and 
1 
i 

V. V. Tereshkova ( 5 ) .  

! Some ind ica to r s  of t he  func t iona l  s t a t e  of t h e  cardiovascular  
systems of t h e  as t ronauts  during space f l i g h t s  are presented i n  

I Figs. 3-7. I n  a previously published work, w e  described t h e  dynamics 
of changc i n  these  i nd i ca to r s  (V. I. Yazdovskiy, e t  a l . ,  1964). 
Here, w e  only note  t he  d i r e c t i o n  of t hese  changes. Thus, t he  pulse  

1 r a t e  gradual ly  decreased under weight less  condi t ions  (see Fig. 3 ) ,  
f and it became equal  t o  t h e  i n i t i a l  (examination day seve ra l  days 
r before  launch) and, f requent ly ,  even below it. I n  almost a l l  casee,/99 

a d e f i n i t e  i n s t a b i l i t y  of t h i e  i nd i ca to r  was noted. In sho r t  i n t e r -  
v a l s  of time (without any evident  cause) ,  t he  pulse  r a t e  f l uc tua t ed  
by 10-15 beat/min and more. This was e spec i a l l y  pronounced i n  G. S. 
Ti tov,  P. R. Popovich and V. V. Tareshkova. It might be thought t h a t  
t he  e f f e c t  of tonus of t he  vagus nerve, which becomes predominant, 
increases  unr?ar o r b i t a l  f l i g h t  condi t ions .  I n  an ana lys i s  of t he  



I ,  

4 : , . . ; : :: :. - . - , t ,  1 1 , ;  I . -: :, . 
orbit 

Fia.4. Change in P-Q interval of EKG of astronauts: 
de: : jnation same as in Fig. 3 

I 

variability of the R-R interval, 
it was shown that the difference 
of the maximum and minimum R-R 

/ 
\ interval (in 100 cardiac sets) 

approached the values, character- 4 

istic of the sleep period on earth 
\ when the vagus effect is most 
\ pronounced (R. M. Bayevskiy, K. I. , $  

Zhukov, 1964; P. V. Vasil'ev, et 
\ al., 1965). We also noticed a 

9 

. tendency of the heartbeat toward 
an appreciable reduction 
(analyzed by orbit of each flight) 
in A. G. Nikolayev and V. N. 
Volkov, during the second flight 

! 
- , -  . - .  . (Fig. 8 ) ,  as well as in V. A. 

- 7 - - - ,  , , 
. .  . 1 .  :: :;>', ' Shatalov and A. S. Yeliseyev in 

O r b i t  the last two flights. This 
indicates adaptation of the body 

Fig. 5 .  Change in Q-T interval to the state of weightlessness. 
of EKG of astronauts: designa- 
tion same as in Fig. 3 Judging from the general 

nature of the changes, the 
regulatory fluctuations of the cardiovascular system will smooth out, 
in all likelihood, in proportion to adaptation of the man to weight- 
less conditions. Two types of reactions-were revealed in study of the 
blood pressure. The first type is characterized by some increase in 
systolic and diastolic pressure, both in the state of rest and after 
completion of a measured physical workload, and a noticeable decrease 
in systolic and diastolic pressure was inherent in the second type 
of reaction. Thus, with astronauts V. A. Shatalov, V. V. Gorbatko, 
A. S. Yeliseyev and V. N. Kubasov, in 18 measurements after complet- 
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Fig. 6. Change i n  T-spike amplitude 
on EKG of as t ronauts :  des ignat ions  
same a s  i n  Fig. 3 

4th and 5 th  days of t h e  f l i g h t  (Fig. 

Studies  c a r r i e d  ou t  during t h e  
18-day f l i g h t  of t h e  Soyuz 9 space- 
c x a f t  showed t h a t  the blood pressure  
l e v e l  of V. I. Sevast'yhnov i n  t he  
s t a t e  of rest was c lo se  t o  t h e  pre- 
f l i g h t  level .  Some increase  i n  sys- 
t o l i c  pressure ,  beginning with  t h e  
47th o r b i t  of t he  f l i g h t ,  was 
observed i n  A. G. Nikolayev. It  in- 
creased e spec i a l l y  not iceably a f t e r  
perfomling a measured workload and 
physical  exerc i ses ,  compared with  
s imi l a r  workloads under ground con- 
d i t i o n s .  The a r t e r i a l  pressbre  of 
t he  American as t ronauts  F. Borman 
and D. Love11 a l s o  increased some- 
what, a f t e r  normal physical  exer- 
c i s e s  under weight less  condi t ions ,  
remaining a t  t h e  130/70 m Hg l e v e l  
on t h e  average (Berry, 1966). 

ing  var ious  f l i g h t  program 
opera t ions  and i n  13  measure- 
ments i n  t h e  s t a t e  of rest, 
t h e  s y s t o l i c  pressure  w a s  
increased by 12-28 m. Hg and, 
i n  9 measurements, t h e  dia-  
s t o l i c  pressure  turned o u t  t o  
be increased by 10-20 mm H g  
over t h e  average d a t a  i n  t h e  
p r e f l i g h t  period (Fig. 9 ) .  
For as t ronauts  A. V. F i l i p -  
chenko, G. S. Shonin and 
V. N. Volkov, both i n  t h e  
s t a t e  of rest and a f t e r  com- 
p l e t i on  of  measured physical/ lOl 
workloads, an appreciable  
decrease was noted i n  t h e  
s y s t o l i c  and d i a s t o l i c  
pressure ,  e spec i a l l y  on the  

Studies  performed during t h e  ;:I. 
24-day f l i g h t m  of t h e  Salyut  o r b i t a l  
s t a t i o n  disc losed t h a t  t h e  blood - - 

pressure  l e v e l  (neasured with t h e  Orb i t  
Krasnogvardeyets p l an t  tonometer Fig. 7. Change ( i n  percent)  
by t h e  as t ronauts  themselves) of of s y s t o l i c  index of a s t ro -  
G. T.  Dobrovol'skiy and V. N. nauts  : designatiors same a s  
Volkov i n  t he  s t a t e  of r e s t  was i n  Fig. 3 
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Fig. 8. Pulse rate of astronauts 
A. G. Nikolayev and V. I?. Volkov 
during 1st (1) and 2nd ( 2 )  orbital 
flights 
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close to the preflight level 
(Fig. ll), and some increase 
in systolic pressure was ob- 
served in V. I. Patsayev on 
the 16th day of the flight. 
Some increase in pulse 
pressure, an increase in sys- 
tolic and a small decrease in 
diastolic pressure, compared 
with the preflight level, was 
zharacteristic of the Soyuz 9 
and Salyut crews in the 18- 
arid 24-day flights. Individual 
elements of the electrocardio- 
gram changed in various ways: 
The Q-T interval was shortened/lO2 
at the beginning and end of 
the weightless period and some- 
what lengthened in the middle 
of it (see Fig. 5 ) ,  the P-Q 
interval changed approximately 
the same way, but less dis- 4 

tinctly (see Fig. 4) ; the T- 
spike amplitude increased in 
proportion to the stay under B"- 

B r 

Pre- post- 
f l ight P o s t -  P r e -  

Orbit f l ight f l ight O r b i t  

Fig. 9. Pulse rate and blood pressure of V. A. 
Shatalov before, during and after orbital flight: 
A, before and during physical loading; B, 2 min 
after completion of measured physical workload; 
1) pulse rate before physical load; 2) pulse rate 
15 sec after completion of measured workload; 
3-4) blood pressure before workload; 5-6) blood 
pressure 15-20 sec after load; 7) pulse rate 2 min 
after completion of functional test; 8-9) blood 
pressure 2 rnin after load 
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Fig. 10. Pulse r a t e  and blood pressure  of G. S. Shonin 
before,  during and a f t e r  o r b i t a l  f l i g h t :  A,  before  and 
during physical  loading; B, 2 min a f t e r  completion of 
workload; 1) pulse  r a t e  i n  s t a t e  of rest; 2 )  pulse  r a t e  
15 sec  a f t e r  completion of physical  workload; 3-4) blood 
pressure  i n  s t a t e  of r e s t ;  5-6) blood pressure  15-20 sec  
a f t e r  completion of workioad; 7 )  pulse  rate 2 min a f t e r  
func t iona l  test; 8-9) blood pressure  2 min a f t e r  workload 

weight less  condi t ions ,  being reduced a t  t h e  beginning and end of it 
(see  Fig. 6 ) .  The s y s t o l i c  index gradual ly  decreased (see Fig. 7 ) .  
The da ta  presented i n  these  f i gu re s  i nd i ca t e  l a rge  f l uc tua t ions  i n  
t h e  ind ices  s tudied.  

The mechanical function of t h e  h e a r t  (kinetocardiogram and 
seismocardiogram! was s tudied i n  as t ronauts  G.  S. Ti tov,  V. F. 
Bykovskiy and V. V. Tereshkova i n  Elight .  It w a s  found t h a t  it d i d  
no t  change s i g n i f i c a n t l y  (N. M. Sisakyan, V. I. Yazdovskiy, 1962),  
although the re  were some deviat ions:  a neg l ig ib l e  increase  i n  
mechanical sys to l e ,  reduction i n  amplitude ind i ces ,  etc. 

Daza on t h e  s t a t e  of t h e  blood c i r c u l a t i o n  under condi t ions  of 
prolonged weightlessness,  obtained a f t e r  t h e  f l i g h t s  of Soyez 9 and 
Salyut  ( f o r  more d e t a i l ,  see followj.ng sec t ions  of t h i s  chap te r ) ,  1133 
coincide t o  a g r e a t  ex t en t ,  with t h e  r e s u l t s  of s t u d i e s  c a r r i e d  ou t  
on animals and on people under b r i e f  weightleseness,  during a i r c r a f t  
f l i g h t s  along t h e  Kepler parabola. I t  can be concluded from t h e  
mater ia l  obtained t h a t  t he  blood c i r c u l a t i o n  of man, when s tay ing  



'load pre8aunr 
gg C. T. mmvol 0 &iy under weight less  condi t ions  

f o r  a per iod of 18-?4 days 
of f l i g h t ,  is not  si::..iiZi-- 
can t ly  dis turbed;  however, 
t h e r e  a r e  some p e c u l i a r i t i e s  
i n  t h e  functioning of t h e  
cardiovascular  system undor 
t hese  condit ions:  a reduction 
i n  t h e  h e a r t  r a t e ,  change i n  
t h e  blood pressure  i e v e l  
a slow recovery of some ind i -  
cators  (pulse  rate, r e s p i r a t i o n ,  
etc. ; t;o t h e  in,,,al l e v e l  
under weight less  condi t ions ,  

a a f t c r  t h e  powered phase of 
i, a a t h e  f l i g h t .  . . 
al j .  

i ---.-- ----. Up t o  t h e  presen t  t i m e ,  
--'-y:s day 1 I in i t i a l  &I base 

t h e  physiological  mechsnisms 

I : V. N. volkov of t h e  e f f e c t  of weightless- 
1 , .  ! ness on enimal and human .# 

bodies s t i l l  has not  been 
completely s tudied.  Thus, 
Stutman and Olson (1960) ,iy"-' :P' 
found t h a t ,  during brief 
weightlessness i n  parabol ic  

Ir 
f 

I I I f l i g h t s ,  t h e  blood pressure  
- I l'a * Y a  dayl;thday~srd day decreases and t h e  r e t u r n  of 

Initial  data base (1047 orbits) venous blood decreases. 
Fig. 11. Pulse r a t e  (curve) and Burch and Gerathewohl (1960 j 
blood pressure  (columns) of  as t ro-  eva lua te  t h i s  phenomenon as 
nauts  G. T. Dobrovol'skiy, V. I. a func t iona l  adaptat ion of 
Patsayev and ". N. Volkov before t h e  h e a r t  t o  decreased 
and during o r b i t a l  f l i g h t  i n  Salyut  mechanical load. Graybiel 
space s t a t i o n  and colleagues (1959) 

at tempt t o  explain  t h e  
reduction i n  pulse  of monkeys under weight less  condi t ions  by f r i g h t  
of t h e  animals, i n  which slowing down of t he  ca rd i ac  cont rac t ions  
and d i l a t i o n  of t h e  ves se l s  can take  place.  One can scarce ly  com- 
p l e t e l y  agree wi th  t h i s ,  s i nce  t h i s  reac t ion  is  r e t a ined  f o r  a long 
time (hours, days) u n h r  weight less  condi t ions  and, mainly, it i s  
observed i n  both animals and man. 

Experimental da ta  and da t a  i n  t h e  l i t e r a t u r e  permit  t h e  thought 
crf d i r e c t  and mediated e f f e c t s  of weightlessness on t h e  blood 
c i r c u l a t i o n  (see Chapter 1, sec t ion  3 ) .  We understand t h e  d i r e c t  
ac t ion  t o  be t h e  e n t i r e  s e t  of r eac t ions ,  caused by the  considerable 
decrease i n  hydros ta t ic  pressure  of t he  blood. A s  a r e s u l t ,  t he  
blood pressure  ( a r t e r i a l  andvenoua) decreases,accumulation of blood 
takes  place  i n  t h e  ve ins ,  venous outflow from t h e  upper p a r t s  of t h e  
body apparently is  hindered, etc. The lat ter  may e n t a i l  a r e l a t i v e  



increase in intracranial pressure and, consequently, an i.ncrease in 
tonus of the parasympathetic nervous system, with all the conse- 
quences flowing from it: a decrease in pulse rate, decrease in 
blood pressure, etc. Accumulation of blood in the veins, in turn, 
also is a powerful stimulus of the vascular receptors, which slow 
down the heart activity and increase the tonus of the vagus nerve 
by reflex. 

We understand the rnediated effect of weightlessness on blood 
circulation to be the entire set of cardiovascular reactions, arising 
as a result of disturbances of the functional system of the analyzers 
(proprioceptive, cutaneonechanical, interoceptive, visual, vestibular), 
participating in analysis of the spatial relationship and in placing 
the body in space (G. L. Komendantov, 1959, and others) . It is known 
that balancing of the body is accomplished, by means of adjusting 
reflexes, the most ancient reflex reactions, counteracting the force 
of gravity (G, L. Komendantov, 1963, and others), The adjusting 
reflexes change under weigi~tless conditions (V. I. Yazdovskiy, et 
al., 1960), since the afferentation from all mechanoreceptors changes 
significantly, The change in adjusting reflexes unavoidably affects 
the vegetative component, primarily, the blood circulation function. 
The considerable fluctuations of some vegetative indices (pulse, etc.) 4 

becomes understandable. The question arises, as to the importance 
of the ntechanisms of the effect of weightlessness on the body, both /lo4 9 
direct and mediated. Apparently, with immobilization of a man under 
these conditions, the first mechanism is determinative. In the f 
unfixed situation, in the state of free "floating," the second 
mechanism will be predominant, in all likelihood, since changes in 
the motor component of the adjusting reflexes are more pronounced in 
this case, and the vegetative component changes accordingly. 

The unusual afferentation from the vestibular analyzer apparently 
is of great importance in the genesis of vegetative disturbances. 
According to some data (Ye. M. Yuganov, 1963; G. I. Pavlov, 1963; 
Beckh,et al., 1953, 1554; Schock, 1961, and others), the vegetative 
reactions are expressed to a lesser extent by labyrinthectomized 
animals under weightless conditions. G. L. Komendantov and V. I. 
Kopannev (1962) consider that the visual and vestibular analyzers 
have the main role in spatial orientation under ground conditions and 
only the visual, in weightlessness. 

Analysis of experimental material, obtained during the stays of 
the astronauts under weightless conditions, shows that the pulse 
becomes slower and the blo2d pressure decreases, sometimes below the 
level recorded on earth. However, a definite dependence of decrease 
in the cardiovascular system function on stay time under weightless 
conditions could not be established. This apparently is because the 
body always attempts to maintain the vegetative functions at a level 
sufficient for normal activity of the major organs. As have been 
estab3.ished by a number of authors, the blood pressure decreases by 
not more than 10-15 percent, for this reason, and, moreover, the 
nervous-emotional excitation, which causes ax; increase in blood 



pressure and speeding up of the pulse is extremely important. 

As has already been pointed out, some adaptation to the unusual 
conditions develops, in proportion to the stay in the state of 
weightlessness. The physiological basis of this adaptation apparently 
is formation of a new functional system in the work of the analyzers, 
participating in analysis of the spatial relationships and in placing 
the body in space. In this case, consolidation of the vegetative 
component takes zl.ace after its formation, at a level, which is 
adequate for the new conditions. Nevertheless, it should be kept in 
mind that the new system is unstable, and that the possibility is not 
excluded of disturbance of it by the action of unfavorable factors: 
fatigue, temperature effects, etc. This must be taken into considera- 
tion in organization of the work and rest of people, during a long 
stay under weightless conditions. 

It can hardly be expected that these disturbances will develop, 
under conditions of prolonged weightlessness. However, they can 
arise in people, who are already adapted to weightlessness, when they 
return to earth. 

There already are some experimental data (Beckh,1958, 1959; I. I. + 
Kas'yan, V. I. Kopanev, 1963, and others), indicating that adaptation 
may not set in under the prolonged effect of weightlessness, but, on 
the contrary, the vestibular-vegetative effects will increase in the %" 
fourth period, especially in persons who are not resistant to the 9 
effect of weightlessness. The necessity arises from this of 
continual improvement in the methods of selection of astronauts, 
training of them, and also development of prophylactic agents, directed 
towards increasing the resistance of the body to the harmful effect 
of prolonged weightlessness (Chapter 6 of this book is devoted to /lo5 
this problem). In connection with this, the proposal of Gerathewohl 
and Ward (1960), on prophylaxis of venous congestion, is interesting. 
In the opinion of these authors, a unit is required, in which moderate 
squeezing of the foot muscles is accomplished. We also con- 
sider a suit, with a vibrating device, encompassing the upper and 
lower extremities, to be useful. As a result of periodically turning 
it on, the overall tonus of the muscles would be increased and move- 
ment of the blood toward the heart would be facilitated. Biostimu- 
lation of the muscles would apparently be effective. 

Investigators have attempted to explain the unusual slowness df 
recovery of the pulse rate to the initial values, of men and animals, 
during their stay under v~eightless conditions, by the contrast 
effect, after the body enters another state from one state (V. N. 
Chernov, V. I. YakovZev, 1958; C-erathewohl, Ward, 1960, and others). 
We think that, moreover, slowing down of adaptation or the cerdio- 
vascular system is caused by the time for formation of the new 
functional system of the analyzers, participating in placing the body 
in space, as wall as by hormonal shifts. As is well-known, the 
launch of a spacecraft, g-forces and weightlessness are strong bio- 
logical stimuli. In this case, a large quantity of hwnoral s&stances 



is discharged into the blood, which apparently has a considerable 
effect, preventing rapid recovery of some indicators to the initial 
values. 

2. Some Results of Medical Studies of N 7 5 2 3 1 1 6 I Voskhod 2 Spacecraft Crew Members 

I The first exit of a man from a spacecraft into space was : accomplished at 11 hours 37 min 18 March 1965. The flight was 
performed in the Voskhod 2 spacecraft. The spacecraft commander was 
pilot-astronaut P. I. Belyayev and the second pilot, pilot-astronaut 
A. A. Leonov. The basic tasks of the flight were to test the 
designs of provision for exit of man from the craft, to determine 
the possibilities of movement and work of an astronaut in unsupported 
space, to carry out medical nanitoring of the state of the astro- 
nauts in performing extravehicular activity and the subsequent day- 
long flight and to monitor the radiation situation. 

In distinction from previous designs, Voskhod 2 had an airlock 
chamber and a system, providing for movement from the sealed cabin 
into open space. The air regeneration and conditioning system was 
fundamentally the same as that installed in Voskhod (A. M. Genin, 
G. I. Voronin, A. G. Fomin, 1965). 

Training of the astronauts, with rhe exception of training 
exercises in movement and work in unsupported space, was the same 
as before the preceding flight (Ye. A. Karpov, 1966). The medical 
monitoring system and procedures under flight conditions were 
described earlier in a number of publications (0. G. Gazenko, A. A. 
Gyurdzhian, 1965). An addition to the medical monitoring system 
was the control panel of the spacecraft commander, to which data was 
furnished on heart and respiration rate of the astronaut outside. 
This permitted more careful control of the actions and work of the 
pilot outside. An important feature also was that both pilot- 
astronauts were trained in the conduct of medical tests and success- 
fully accomplished them in flight. 

t Clinical-physiological examination of the astronauts before and 
after the flight were carried out by the same scheme as in the pre- 
ceding flights. Research has shown that the radiation dose during /lo6 
the flight and the extrave>jcular activity, taking the RBE into 
account, was not over 0.3 rem. This dose could not have a harmful 
effect on the health of the astronaut (Yu. M. Volynkin, et al., 1966). 
The results of study of biological subjects aboard the spacecraft and 
in the spacesuit of A. A. Leonov during the extravehicular activity 
confirmed this !V. N. Zhukov-Verezhnikov, et al., 1966). 

The correct schedule for taking food and wdter was of great 
importance, for a positive emotional state of mind, feeling well and 



high e f f i c i e n c y  of t h e  a s t r o n a u t s  i n  f l i g h t ,  t h e  more s o ,  t h a t  t h e  
e x t r a v e h i c u l a r  a c t i v i t y  of A. A. Leonov r e q u i r e d  a d d i t i o n a l  energy 
expendi tures .  I n  connect ion w i t h  t h i s ,  t h e  dai*y food r a t i o n  was 
set a t  3250 k c a l ,  vs. 2530-2770 k c a l  i n  t h e  f l i g h t s  of t h e  Vostok and 
Voskhod c r a f t .  On t h e  day b e f o r e  launch, both  a s t r o n a u t s  r ece ived  
food s i m i l a r  t o  t h a t  onboard. The e a t i n g  schedule was t h e  same a s  
recommenc~d i n  f l i g h t :  4 t i m e s  a day, w i t h  4-5 hour i n t e r v a l s  i n  
t h e  daytime and 7-8 hours a t  n i g h t .  S ince  t h e  i n t e r v a l  between 
b r e a k f a s t  ox, e a r t h  and t h e  f i r s t  meal i n  f l i g h t  could  be  8  hours ,  
b r e a k f a s t  on t h e  launch day was inc reased  t o  1000 kca l .  Moreover, 
a f t e r  p u t t i n g  Qn t h e  s p a c e s c i t s ,  1-1/2 hours be fo re  launch,  t h e  
a s t r o n a u t s  a t e  a choco la te  b a r  and drank j u i c e  from a  t u b e  (about  
250 k c a l )  . 

During t h e  f l i g h t ,  t h e  a s t r o n a u t s  had t o  r e c e i v e  about  140 g  of 
p r o t e i n ,  115 g of f a t  and 388 g  of  carbohydra tes  w i t h  t h e  food. 
The d a i l y  r a t i o n  con ta ined  4  mg each of  v i t amins  B B2 and B6 and 
100 ug of v i tamin B12, 4 mg of f o l i c  a c i d ,  20 m s  o  pan to then lc  a c i d ,  
200 mg of vitamin C ,  30 mg o f  v i tamin PP, 100 mg of v i tamin P,  2  rng 
of vi tamin A and 50 mg of v i tamin E. The s e l e c t i o n  of  f o o d s t u f f s  
i r c l u d e d  n a t u r a l ,  cooked f o o d s t u f f s ,  packed i n  f i lm packages o r  tubes .  
The d a i l y  water  s t andard  was inc reased  t o  2 1, vs. 1.25 1 of t h e  
Voskhod crew. :,loreover, t h e  a s t r o n a u t s  could  o b t a i n  about  878 g of • 

water  wi th  j u i c e s  and f o o d s t u f f s .  

I n  se lec t : .ng  t h e  time f o r  e a t i n g ,  t h e  a s t r o n a u t s  were governtd $3: 
t o  a considerai.,le e x t e n t  by t h e  s i t u a t i o n  and a p p e t i t e .  Thsy drank It' 
l i t t l e  water ,  a l though P. I. Belyayev noted  inc reased  t h i r s t ,  which 
he connected ~ l i t h  t h e  s p e c i f i c  food r a t i o n .  The a s t r o n a u t s  had no 
f e e l i n g s  of d.:scomfort i n  t h e  g a s t r o i n t e s t i n a l  t r a c t  dur ing  t h e  
f l i g h t .  Upqa completion of t h e  f l i g h t ,  t h e  onboard food r a t i o n  was 
evaluated  a s  ,-dequate by t h e  a s t r o n a u t s .  

Analys is  of t h e  n i t r o g e n  metabolism i n d i c e s  can g i v e  an  a d d i t i o n a l  
i d e a  of t h e  e f f e c t i v e n e s s  of t h e  food r a t i o n  and of t h e  metabolism 
i n  t h e  bodies  of  t h e  a s t r o n a u t s  dur ing  t h e  f l i g h t .  On t h e  2nd-3rd 
day f o r  t h e  f l i g h t ,  a  t o t a l  n i t r o g e n  c o n t e n t  i n  t h e  d a i l y  u r i n e  was 
11.5-13.6 g  f o r  P. I. Belyayev, and 12.4-13.8 g  f o r  A. A.  Leonov. 
Two days a f t e r  t h e  f l i g h t ,  a  somewhat l a r g e r  amount of t o t a l  n i t r o g e n  
was found i n  t h e  d a i l y  . ,r ine of t h e  a s t r o n a u t s :  16.9 g  f o r  P. I. 
Belyayev and 14.7 5 f o r  A. A. Leonov. Recalcula ted  t o  p r o t e i n ,  t h i s  
t o t a l  n i t r o g e n  l e v e l  corresponded a f t e r  t h e  f l i g h t  t o  105.6 g  f o r  
P. I. Belyayev and 91.2 g  f o r  A. A. Leonov. I f  t h e  va lues  presented. 
a r e  compared w i t h  t h e  p r o t e i n  c o n t e n t  i n  t h e  food r a t i o n  of  t h e  
a s t r o n a u t  (around 140 g ) ,  it can be concluded t h a t  t h e  food had an 
adequate p r o t e i n  can ten t .  Some i n c r e a s e  i n  n i t r o g e n  e x c r e t i o n  wi th  
t h a  u r i n e  a f t e r  t h e  f l i g h t  may be expla ined by t h e  a c t i v e  a c t i v i t y  
of  t h e  a s t r o n a u t s  and t h e  nervous-emotional s t r e s s ,  which i s  i n  
accordance wi th  t h e  i n c r e a s e  i n  a c t i v i t y  o f  t h e  a d r e n a l s  and wi th  an 
i n c r e a s e  of a d r e n a l i n ,  noradrena l in ,  17-oxy- and 17-ke tos te ro id ,  a s  
well a s  c r e a t i n i n e  con ten t  i n  t h e  u r ine .  The c r e a t i n i n e  c o e f f i c i e n t  
o f  P. I. Belyayev inc reased  a f t e r  t h e  f l i g h t  from 29 t o  36 and from / lo7  
24 to 32 ,  f o r  A. A. Leonov. (The r e s u l t s  of t h e  biochemical  s t u d i e s  



TABLE 31 

BLOOD PRESSURE, PULSE AND RESPIRATION RATE OF ASTRONAUTS 
BEFORE AND AFTER ORBITAL FLIGHT IN VOSKHOD 2 SPACECRAFT 

Preflight P J S ~ ~  l i ght  
~ s ~ ~ u t  / Indfcator / 6 ~ u h a 1 ( 1 7 ( ~ ~ l l  Fh* Ap~pr 

Note: Materials of V. G. Terent'yev, A. V. Nikitin, 
and others were used in compiling the table. 

TABLE 32 

CHANGE IN CERTAIN EKG INDICATORS OF P. I. BELYAYEV AND 
A. A. LEONOV AT 5 MIN R=DINESS AND AT START OF WEIGHT- 
LESSNESS 

P. I .  BelyayevPulse rate, 11 s3 92.3 188.2 103.4 1121.4 1 1 1  1 
beat/min 6.89 6 93 8.95 t 8.03 9.82 14 08 17.33 1 ~ ~ 8 . 3 0 9 , 7 9 . 1 ~ 9 . S ~ l 1 5 ~ f i . 6  

AstrOnaUt 

P. a. Belyayev Duration 0.15 1 0.31 0.32 0.32 0.31 i 0 23 0.29 0.011 0012 0010 0.013 0.0121 0.027 0.018 / tricular I ! 3 3  1 3 . 6  1 3 . 1 3 I 4 . 0 4  3 ,  9 ,341 6.W 

of Weightlessness, 
Indicator min 

l ( " 3 1 1 1 ;  

\I 0.31 0 34 0.32 0.51 0 34 0.31 1 
3 0,012 0.012 0 r ) l G  0 O I G  0 U10 0 009 0.017 
( 4 3 4 4 . 6  I ? )  1 2 . 7  / . I  - 

- 

Note: In this table and in Table 33, M is the mean value, 
a is the root mean deviation and C is the coefficient 
of variation. 



are presented, frcm the data of I. S. Balakhovskiy, To A. Orlova, 
et al. ) 

The body weight of the astronauts did not change significantly 
after the flight. In an examination of P. I. Belyayev on the 2nd 
day, it was reduced by 1 kg from the preflight and by 0.9 kg for 
A. A. Leonov. The astronauts had approximately the same weight loss, 
during ground development of the extravehicular activity program, 
under conditions of a rarefied atmosphere: by 0.6 kg for P o  I. 
Belyayev and by 0.9 kg for A. A. Leonov. In the preceding flight in 
the Voskhod craft, the body weight of the astronauts decreased by 
2.5-3 kg in the first days, compared with the initial weights. 

The specific gravity of the urine of P. I. Belyayev an8 A. A. 1108 
Leonov was much increased, in an analysis two days after the flight. 
A small increase in the amount of sodium and chlorine eliminated with 
the urine of A. A. Leonov, as well as an increase in the amount of 
mucus and the appearance of casts, was noted. 

In a hematological examination during the prelaunch period, an /lo9 
increase in number of lymphocytes was found in both astronauts: 
from 30 to 36.5% in P. I. Belyaym and from 21.5 to 37.5% in A. A. 
Leonov. The total number of leukocytes increased to 8400-8800 cells 
per mm3. A similar change in white cells was observed in other /I10 .* 

astronauts, in an examination at the launch. These changes can be 
explained by general stress reactions of the body. 

As a result of postflight examination of P. I. Belyayev and A. A. 
Leonov, a moderate incr ase in number of leukocytes was found S (8400-9000 cells per mm ) .  The blood composition and other hema- 
tological indicators were normal. The content of sugar, chlorine and 
cholesterol in the blood did not differ from the preflight level. 

The astronauts felt well during the prelaunch period, frame of 
mind was elevated, and both astronauts actively participated in the 
flight preparations. The pulse rate of P. I. Belyayev was 60-64 
beats per minute in the morning hours, and respiration rate was 8-10 
cycles per minute. The maximum blood pressure was 100 m Hg and the 
minimum, 65-70 r m  Hg. During this time, the pulse rate of A. A. 
Leonov was 52-60 beats per minute, respiration rate 10-12 cycles per 
minute; maximum blood pressure llC-115 mm Hg, minimum 65-70 mxn Hg, 
and pulse pressure 4'-50 mm Hg (Table 31). 

In the 5-minute readiness period, the astronauts remained 
outwardly peaceful, but the heart rate increased: to 83 beats per 
minute for P. I. Belyayev and to 82 beats per minute for A. A. Leonov, 
and the respiration rate incr2ased to 18 and 20 cvc-les per minute, 
respectively. Compared with preceding astronh~lts, the changes in 
pulse and respiration rate of P. I. Belyayev and A. A. Leonov were 
mockrate. The root mean deviation and coefficient of variation of 
certain EKG indicators also changed comparatively little as the 
launch approached (Table 32) . 
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The g-forces during i n j e c t i o n  i n t o  o r b i t  were t o l e r a t e d  w e l l  
by t h e  as t ronauts ,  and t h e  s h i f t s  i n  t h e  physiological  func t ions  were 
less than i n  t h e  major i ty  of o the r  as t ronauts  i n  preceding f l i g h t s  
( P .  V. Vasi l 'ev ,  A. R. Kotovskaya, 1965). Af t e r  i n j e c t i o n  i n t o  
o r b i t ,  P. I. Belyayev and A. A. Leonov d id  no t  note  any unpleasant  
f e e l i n g s  o r  i l l u s i o n s .  The pulse  r a t e  during t h e  period of transb- /111 
t i o n  from g-force t o  weightlessness f luc tua ted  between 88 and 122 
bea ts  per  minute. Changes i n  durat ion of t h e  e l e c t r i c a l  s y s t o l e  
and c e r t a i n  o t h e r  EKG i nd i ca to r s  i n  t h i s  per iod corresponded t o  t h e  
h e a r t  rate, and they were expressed s l i g h t l y  (see Table 32). 

I n  t h e  f i r s t  o r b i t  of t h e  f l i g h t ,  t h e  h e a r t  and r e s p i r a t i o n  r a t e s  
of both as t ronauts  remained elevated:  105 f o r  P. I. Belyayev and 
100 bea t s  per  minute f o r  A. A. Leonov. The r e s p i r a t i o n  r a t e s  were 
21 and 24 cycles  per  minute, respect ively .  A sharp increase  i n  
v a r i a b i l i t y  of these  ind ices ,  compared with t h e  prelaunch per iod was 
c h a r a c t e r i s t i c  of P. I. Belyayev (Table 33) ,  which apparent ly  is 
connected with  nervous-emotional s t r e s s ,  caused by preparat ions  f o r  
t h e  f i r s t  ex t ravehicu la r  a c t i v i t y ,  accomplished by A. A. Leonov. 

The s t age  of d i r e c t  e x i t  from t h c  c z a f t  i n t o  space was more 
t ense  f o r  A. A. Leonov. H i s  h e a r t  r a t e  increased here  t o  152 per  
mixiute and, upon r e tu rn  t o  t h e  a i r l o c k  chamber from space, b r i e f l y ,  
t o  162 per  minute. The r e s p i r a t i o n  r a t e  reached maximum values  a t  

4 

t h i s  time, 25-36 cycles  per  minute. Data on changes of c e r t a i n  EKG 
i nd i ca to r s  during the  ex t ravehicu la r  a c t i v i t y  period a r e  presented 
i n  Table 3 4  (3-14 min) . $3'. 

bT 

The m a t e r i a l s i n t h e  t a b l e  i nd i ca t e  t h a t  t h e  changes i n  t h e  EKG 
w e r e  somewhat unusual. Thus, f o r  example, de sp i t e  quickening of t h e  
h e a r t  r a t e  (decrease i n  t h e  R-R i n t e r v a l ) ,  t h e  aur icu la r -ven t r icu la r  
conduct ivi ty  slowed down. The length of t h e  e l e c t r i c a l  s y s t o l e  
(Q-T i n t e r v a l )  increased r e l a t i v e l y ,  i n  which a p a r t i c u l a r l y  marked 
inb-ease  i n  it was observed a f t e r  t he  r e tu rn  of A. A. Leonov t o  t h e  
a i r l o c k  chamber, on a background of slowing of t h e  hea r t  con t rac t ions .  
The R- and T-spike amplitudes, during t h e  ex t ravehicu la r  a c t i v i t y  of 
A. A. Leonov, a l s o  increased r e l a t i v e l y ,  i n  which an e spec i a l l y  
no t iceab le  increase  i n  value of t h e  R-spike was observed a f t e r  r e tu rn  
t o  t h e  a i r l ock  chamber, on a background of slowing of t h e  h e a r t  
rhythm. These changes apparently a r e  connected wi th  t h e  preceding 
physical  and nervous-emotional stress; however, they l a s t e d  a s h o r t  / 112  - 
t i m e  and, j u s t  l i k e  t h e  pulse r a t e ,  they re turned t o  t h e  i n i t i a l  
values  a f t e r  t h e  r e t u r n  of A. A. Leonov t o  t he  c r a f t .  

In  t he  succeeding period (3rd-7th o r b i t s ) ,  t h e  h e a r t  and 
r e s p i r a t i o n  r a t e  of both as t ronauts  had a tendency t o  decrease (see  
Table 33) ;  i n  t h i s  case ,  it was expressed more i n  t he  7th  o r b i t ,  when 
t h e  as t ronauts  r e s t ed  o r  performed simple operat ions .  The h e a r t  r a t e  
of P. I. Belyayev decreased t o  73 i n  t h i s  period and, of A. A. Leonov, 
t o  54  be-.ts per  minute. A s imi l a r  d i r e c t i o n  of t h e  cardiovascular  
system reec t ion  has been noted i n  as t ronauts  by o the r  authors  (V. I. 



i 

Yazdovskiy, e t  a l . ,  1964; R. . .  Bayevskiy, 0. G. Gazenko. 1964; 
T I. I. Kas'yan, e t  a l . ,  1964; P. V. V a s i l ' e v ,  1965; I. I. Kas'yan, 

e t  a l . ,  1965; I. S. Balakhovskiy, et  a l . ,  1966).  The r e s p i r a t i o n  
rate dur ing  t h i s  pe r iod  was 1 4  c y c l e s  p e r  minute f o r  each a s t r o n a u t ,  
on t h e  average. The f l u c t u a t i o n s  i n  t h e  h e a r t  rate of P. I. Belyayev 
decreased and, o f  A. A. Leonov, remained as before .  The f l u c t u a t i o n  
i n  r e s p i r a t i o n  rate of bo th  a s t r o n a u t s  was n o t  s i g n i f i c a n t l y  changed 
from t h a t  o f  t h e  i n i t i a l  pe r iod  of  t h e  f l i g h t .  

I n  t h e  second h a l f  of t h e  f l i g h t  ( o r b i t s l 3 - l 8 ) ,  t h e  h e a r t  rate 
inc reased  n o t i c e a b l y ,  e s p e c i a l l y  b e f o r e  descen t  o f  t h e  c r a f t .  For  
P. I. Belyayev, it reached 94-111 i n  o rb i t s l7 -18  and, f o r  A. A. 
Leonov, 75-86 b e a t s  p e r  minute. The r e s p i r a t i o n  rate i n  t h e  second 
h a l f  of  t h e  f l i g h t  changed cons ide rab ly  less than  i n  t h e  f i r s t .  

The e lec t roca rd iogram i n d i c a t o r s  b a s i c a l l y  corresponded t o  
changes i n  p u l s e  r a t e  dur ing  t h e  e n t i r e  f l i g h t .  I n  t h e  f i r s t  h a l f ,  
i n  p a r a l l e l  wi th  t h e  tendency towards reduc t ion  i n  p u l s e  rate, t h e  
l e n g t h  of  t h e  e l e c t r i c a l  s y s t o l e  o f  t h e  v e n t r i c l e s  i n c r e a s e d  from 
0.30-0.34 t o  0.35-0.42 sec, and t h e  s y s t o l i c  index decreased from 
57-53 t o  43-43.8%. The a u r i c u l a r - v e n t r i c u l a r  c o n d u c t i v i t y  inc reased  
from 0.14-0.16 to  0.17-0.18 sec i n  t h e  i n i t i a l  per iod .  I n  t h e  second 
h a l f  of t h e  f l i g h t ,  t o g e t h e r  wi th  a quickening of  t h e  p u l s e ,  t h e  
d u r a t i o n  of t h e  e l e c t r i c a l  s y s t o l e  o f  t h e  v e n t r i c l e s  decreased from 
0.35-0.40 t o  0.30-0.36 sec, and t h e  s y s t o l i c  index inc reased  from 
38-43 t o  52-55% (Table 35) .  Changes i n  t h e  EKG, w i t h  t h e  except ion  
o f  t h e  somewhat unusual  t i m e  i n d i c a t o r s  of A. A. Leonov dur ing  t h e  
e x t r a v e h i c u l a r  a c t i v i t y  and s i n g l e  nodal  e x t r a s y s t o l e s  of P. I. 
Belyayev i n  t h i s  pe r iod ,  6s w e l l  as i n ~ ~ t h e  p r e p a r a t i o n  and descen t  
of t h e  c r a f t  t o  e a r t h ,  was w i t h i n  t h e  l i m i t  of p h y s i o l o g i c a l  
f l u c t u a t i o n s ,  and d i d  n o t  d i f f e r  from t h o s e  observed i n  preceding 
f l i g h t s .  

I n  t h e  f i r s t  days a f t e r  landing,  both  a s t r o n a u t s  had rhythmic 
and w e l l - f i l l e d  pulses!  58 i n  P. I. Belyayev and 52-54 b e a t s  
p e r  minute i n  A. A. Leonov. Resp i ra t ion  was peace fu l ,  and i ts  r a t e  
was 12-14 c y c l e s  p e r  minute. The decrease  i n  p u l s e  and r e s p i r a t i o n  
was accompanied by symptoms of moderate genera l  f a t i g u e .  

A c l i n i c a l  examination on t h e  t h i r d  day a f t e r  landing d i s c l o s e d  
an i n c r e a s e  i n  p u l s e  r a t e  from 60-64 to  74-80 b e a t s  p e r  minute. 
The quickening was s t i l l  l a r g e r  i n  a  test,  which inc luded s t a n d i n g  up. 
While t h e  pu l ses  of bo th  a s t r o n a u t s  quickened t o  76 b e a t s  p e r  minute 
b e f o r e  t h e  f l i g h t ,  it inc reased  tc 102 i n  P. I. Belyayev and t o  96 
b e a t s  per  minute i n  A. A. Leonov a f t e r  t h e  f l i g h t .  The s y s t o l i c  and 
d i a s t o l i c  p r e s s u r e ,  under c o n d i t i o n s  of r e l a t i v e  rest, inc reased  by 
15  mm Hg f o r  P. I. Belyayev and t h e  d i a s t o l i c  p r e s s u r e  of A. A. 
Leonov decreased by 1 5  mm H g .  

A p o s t f l i g h t  e l e c t r o c a r d i o g r a p h i c  s tudy showed an  i n c r e a s e  i n  
i n t r a v e n t r i c u l a r  c o n d u c t i v i t y  t i m e ,  i n  shor ten ing  t h e  c a r d i a c  c y c l e . / l l 3  



The QRS i n t e r v a l  of P. I. Belyayev inc reased  from 0.08 t c  0.09 sect 
and t h a t  of A. A. Leonov, from 0.09-0.10 t o  0.11-0.12 sec. The 
sum o f  t h e  P-spike ampli tudes i n  t h r e e  s t andard  l e a d s  inc reased  i n  
t h e  a s t r o n a u t s ,  by 55 and 69%, r e s p e c t i v e l y ;  t h e  sum o f  t h e  T-spike 
ampli tudes decreased by approximately l o % ,  and t h e  sum of t h e  R- 
sp ike  ampli tudes w a s  unchanged. The s y s t o l i c  index exceeded t h e  
proper  va lues  by 7-118. I n  a v e c t o r i m e t r i c  a n a l y s i s  o f  t h e  electro- 
cardiogram, no n o t i c e a b l e  dynamics were revea led  i q  t h e  va lues  and 
d i r e c t i o n  o f  t h e  QRS v e c t o r s ,  T and i n t r a v e n t r i c u l a r  g r a d i e n t  G. 
A s  a r e s u l t  o f  t h e  b a l l i s t o c a r d i o g r a p h i c  s tudy ,  no p e c u l i a r i t i e s  
were found e i t h e r .  

The hemadynamics i n d i c a t o r s  of A. A. Leonov were normal. I n  
comparison wi th  t h e  b a s e l i n e  d a t a ,  t o g e t h e r  w i t h  a quickening of  t h e  
pu l se  ( + I S % ) ,  a dec rease  was noted i n  c a r d i a c  o u t p u t ,  from 100 t o  84 
m l .  The minute c i rcv . i a t ion ,  modulus of e l a s t i c i t y  r a t i o  and o t h e r  
i n d i c a t o r s  d i d  n o t  change s i g n i f i c a n t l y .  

A s i n g l e  i n v e s t i g a t i o n  of  c e r t a i n  e x t e r n a l  r e s p i r a t i o n  i n , . i c a t o r s  
was c a r r i e d  o u t  by t h e  a s t r o n a u t s  under f l i g h t  cond i t ions .  The 
v i t a l  c a p a c i t y  of t h e  lungs  of  t h e  a s t r o n a u t s  decreased a l i t t l e :  
from 4600 t o  3500 m l  f o r  P. I. Belyayev and from 5200 t o  4200 m l  f o r  

4 

A. A. Leonov. On t h e  t h i r d  day a f t e r  l and ing ,  t h e  v i t a l  c a p a c i t y  of 
t h e  lungs was w i t h i n  normal l i m i t s ,  a l though somewhat less than  t h e  S' 
i n i t i a l :  4400 f o r  P. I. Belyayev and 4900 m l  f o r  A. A. Leonov. The w* 
r e s p i r a t o r y  volume and pulmonary v e n t i l a t i o n  of both  a s t r o n a u t s  
approximately doubled i n  f l i g h t .  A f t e r  t h e  f l i g h t ,  t h e  pulmonary 
v e n t i l a t i o n  of P. I. Belyayev inc reased  by 51% and, of  A. A. Leonov, 
by l 8 % ,  over  the prelaunch values .  The d a i l y  energy use, according 
t o  gas exchange d a t a ,  exceeded t h e  i n i t i a l  d a t a  on t h e  t h i r d  day a f t e r  
landing:  P. I. Belyayev by 28% and A. A. Leonov by 20%. 

TABLE 36 

BODY TEMPERATUFG GF A.  A. LEONOV I N  VARIOUS ORBITS CF 
ORBITAL FLIGET 

( Body Temperature 
-. 

\Body Temperature, .C 
p- 
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The study of the body temperature in flight was carried out 
only on A. A. Leonov. The limits of variation of it and the average 
values are presented in Table 36. During the extravehicular activity 
of A. A. Leonov, the body temperature was increased by 1.35' on the 
average, compared with that in the first orbit; the minimum and 
maximum indicators increased simultaneously, and they were the 
greatest, compared with data recorded in other orbits of the flight. 
A sharp increase in body temperature on the second orbit involved the 
great physical efforts and nervous-emotional stress endured by A. A. 
Leonov, in executing the extravehicular activity program. In a 
simulation of the flight program in a heat and barometric chamber, 
the body temperature of A. A. Leonov also increased, but less-(by 
0.8' on the average). In the fourth orbit, the body temperature of 
A. A. Leonov was lower than in the first orbit (35.2O, instead of 
36O). The reduction in temperature apparently reflected, not an /114 - 
increase in ventilation of the body surface but, to a considerable 
extent, the general condition of the astronaut. A similar reduction 
in temperature can be seen in orbits 7 and 15,when the astronaut was 
in a state of relative rest and ventilation was normal. At the end 
of the flight, the range of change in body temperature of A. A. 
Leonov sharply increased, which probably was due to preparations for 
the first landing of the spacecraft on earth performed with manual I 
cc-ntrol systems. 

The body temperature of both astronauts was normal after land- 
ing, and it differed from that recorded in the prelaunch period. p 

In-flight studies of pain and tactile sensitivity,two-dimensional 
three-dimensional and stereognostic senses showed that they were 
not significantly changed under weightless conditions in either 
astronaut. Only recognition of certain numbers, pricked into paper, 
was hindered. Thus, P. I. Belyayev could not correctly identify the 
number 5 ,  and A. A. Lsonov, the number 3 (number size 2 x 1.5 cm). 

Analysis of the dynamics of ocu1omo:or activity of the astro- 
nauts in flight showed that, in the first two orbits, the number of 
waves on the elecrooculogram (EOG) reached 105-110 per minute for 
both astronaltts. The number of oculomotor reactions decreased by 
orbits 3-4, and they subsequently fluctuated within comparatively 
small limits: 10-40 movements per minute. At the end of the 
flight, the number of eye movements increased somewhat. Such EOG 
dynamics correspond to the heart and respiration rates and, evidently, 
reflect the general state of the astronauts. Similar EOG changes 
were observed in preceding flights (I. T. Akulinichev, et hl., 1965). 

In analysis of the EOG curve amplitudes and shapes, it can be - /I15 
noted that eye movements of the astronauts were quite symmetrical 
all during the flight. Pathological asymmetry, characteristic of 
disturbances of eye muscle tonus, were not recorded. Slow and 



large-amplitude oculomotor reactions, characteristic of a period 
of falling asleep or of sharp fatigue, were not found. Small and 
medium amplitude motions predominated on EOG, with increase in 
oculomotor activity in flight. Group oculomotor activity, connected 
with observation of rapidly occurring phenomena, lasted 3-7 sec, in 
the majority of cases. On a background of increased oculomotor 
activity, or at times after it, small-amplitude optokinetic nystagmus 
was observed, with a frequency of 3-4 movements per second, for a 
period of 1-1.5 sec. 

In an electroencephalographic examination of the astronauts, on 
the third day after the flight, predominance of the 0-rhythm, with 
a frequency of 18-20 Hz and amplitudes up to 35 pV, was noted in 
P. I. Belyayev, which was expressed in the right central-occipital 
lead; single, sharp waves, with a frequency of 30 Hz and amplitudes 
up to 30 pV. On the EEG of A. A. Leonov, on the third day of the 
flight, a regular a rhythm, with a frequency of 10-11 Hz and 
amplitudes up to 30-50 pV, a 0-rhythm, with a frequency of 18-20 Hz 
and amplitude of 10-15 VV and single slow, low-amplitude waves, with 
a frequency of 5-7 Hz were recorded in the left frontal-central lead. 
Compared with the baseline examinations of both astronauts, the slow 
electrical rhythm increased. This evidently indicated an increase 
in the inhibiting processes in the cerebral cortex, in connection . 
with general fatigue. 

The working memory of both astronauts decreased somewhat in /I16 b. 
flight, according to the test of reproduction of curves, but it was ! 
less than that of astronaut B. B. Yegorov in the preceding flight which 
apparently was due to the higher state of training of P. I. Belyayev 
and A. A. Leo~ov, in particular, ths greater preparation for the 
effects of various stress factors. 

The results of study of efficiency, by a test of tracking the 
nature of a curve, is of special interest. The test included 50 
sinusoidal and 22 square pulses, set up in a changing sequence. An 
examinaticn, conducted immediately after the return of A. A. Leonov 
to the craft, showed that the number of errors and the latent reac- 
tion period increased in both astronauts, especially at signals, 
with frequencies above 0.5 Hz. 

The changes in A. A. Leonov, despite the extravehicular activity, 
were less pronounced than those of P. I. Belyayev. (A detailed 
analysis of astronaut efficiency is given in section 3 of Chapter 6.) 

The time characteristics of work with a telegraph key increased 
for both astronauts in flight, and it was particularly sharp in the 
first hour of the flight. Thus, the break between transmission 
elements doubled and the duration of the dash increased. In the 
4th hour of the flight, these working characteristics approached those 
recorded on earth, in the training craft. A similar direction of 
change in occupational efficiency was observed in V. M. Komarov and 
B. B. Yegorov, in the flight of Voskhod (Ye. A. Ivanov, V. A. PopoV, 
L. S. Khachatur'yants, 1965). 



An experimental psychological examination a f t e r  t he  f l i g h t  
revealed comparatively small f l u c t u a t i o n s  of t h e  average values  of 
t h e  l a t e n t  periods of simple and complex motor reac t ions ,  a neg l ig ib l e  
number of erroneous responses and s t a b l e  reproduction of t h e  time 
in t e rva l s .  A l l  t h i s  i nd i ca t e s  a q u i t e  high l e v e l  of t h e  b a s i c  
psychological funct ions  and good e f f i c i ency  of t h e  as t ronauts .  

I n  a d e t a i l e d  c l in ica l -phys io log ica l  and laboratory examina- 
t i o n  a month a f t e r  t h e  f l i g h t ,  no s i g n i f i c a n t  d i f fe rences  from t h e  
condi t ions  i n  t he  p r e f l i g h t  period were found i n  P. I. Belyayev o r  
A. A. Leonov. 

3. Basic Results  of Medical Examinations 
of Soyuz Spacecraf t  C r e w  Members 

Successful  completion of t h e  s e r i e s  of manned f l i g h t s  of t h e  
Vostok and Voskhod spacecraf t  i n t h e  USSR crea ted  the  necessary pre- 
r e q u i s i t e s  f o r  pu t t i ng  i n t o  p r a c t i c e  t h e  research program8 i n  t he  
Soyuz spacecraf t .  F l i g h t s  i n  t h i s  program were completed between 
1968 and 1971. Eight s a t e l l i t e s  were in j ec t ed  i n t o  o r b i t ,  and 13  
as t ronauts  stayed awhile i n  space, two of them two times. The 
as t ronauts  flew abcut 2,042 man hours i n  a l l  i n  t he  Soyuz program. 
Information on t h e  Soyuz type c r a f t  i s  presented i n  Table 37. 

I 
The primary biomedical research t a sks  during t h e  f l i g h t s  I 

of t h e  Soyuz c r a f t  were: 

--Study of phenomenology of chznge i n  var ious  systems of t h e  
human body under condi t ions  of prolonged weightlessness (up t o  18 
days) ; 

--Study of t he  s t a t e  of reserve c a p a b i l i t i e s  of the  human body 
upon r e tu rn  t o  normal condi t ions  of l i f e  on e a r t h  a f t e r  a prolonged 
s t a y  i n  f l i g h t ;  

--Study of t h e  dynamics of as t ronaut  e f f i c i ency  i n  performing - /I17 
c e r t a i n  working opera t ions ,  a s  wel l  a s  on t h e  b a s i s  of evaluat ion of 
performance of spec i a l  t e s t s .  

General Cha rac t e r i s t i c s  of F l igh t  
Conditions 

The f l i g h t s  of t h e  Soyuz spacecraf t  took place  i n  a q u i e t  radia-  
t i o n  s i t u a t i o n .  A s  should have been expected, t he  highest  value of 
t he  i n t e g r a l  r ad i a t i on  dose was recorded during t h e  18-day f l i g h t  of 
Scyuz 9. However, i n  t h i s  case,  up t o  t he  time of completion of t h e  
f l i g h t ,  it d id  not  exceed 0.4 rad (V. I. Vorob'ev, 1970). Indisputa-  
b ly ,  t h i s  amount did no t  present  a danger f o r  A. G. Nikolayev o r  
V. I. Sevast'yanov. 
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The l i f e  suppor t  systems maintained t h e  microcl imate parameters  
of t h e  i n h a b i t e d  s e c t i o n s  w i t h i n  t h e  ass igned l i m i t s .  The g r e a t e s t  
range of f l u c t u a t i o n  was noted dur ing  t h e  f l i g h t  of  Soyuz 9. During 
t h e  t r a n s f e r  of  A. S. Yeliseyev and Y e .  V. Khrunov from Soyuz 5 t o  
Soyuz 4 ,  t h e  autonomous l i f e  suppor t  systems maintained an a b s o l u t e  
p ressure  of 241-268 mm Hg i n  t h e  s p a c e s u i t s ,  wi th  a  carbon d iox ide  
p a r t i a l  p r e s s u r e  o f  0.1-0.4 mm Hg and a h e a t  exchanger o u t l e t  a i r  
temperature of  19.4-19.8'. 

The food r a t i o n  of  t h e  crews of t h e  Soyuz 3-Soyuz 5 s p a c e c r a f t  
was made up of  dehydrated and preserved f o o d s t u f f s ,  i n  ready-to- 
se rve  form. It  conta ined 143 g of  p r o t e i n ,  106 g o f  f a t  and 254 g 
of carbohydrates .  The t o t a l  c a l o r i e  va lue  was 2635 kca l .  The 
r a t i o n  was made up of  a  three-day menu; w i t h  f o u r  meals a day. 
The food r a t i o n  o f  t h e  crews of  Soyuz 6-Soyuz 8, wi th  t h e  sme food 
value  a s  t h e  preceding,  conta ined fewer dehydrated f o o d s t u f f s ;  
a  p o r t i o n  of  them was rep laced  by f o o d s t u f f s  preserved by o t h e r  
methods, which had rece ived  a h igher  r a t i n g  by t h e  a s t r 0 n a u . t ~  i n  
preceding f l i g h t s .  Taking f l i g h t  d u r a t i o n  and t h e  motor behavior  of 
t h e  a s t r o n a u t s  i n t o  c o n s i d e r a t i o n ,  t h e  average d a i l y  c a l o r i e  va lue  
of t h e  r a t i o n  f o r  che Soyuz 9 crew was inc reased  t o  28CO kca l .  I*1 
t h i s  c a s e ,  t h e  s e l e c t i o n  of  f o o d s t u f f s  was expand& considerably .  
Heating of  t h e  main d i s h e s  and d r i n k s  ( c o f f e e ,  cocoa) a l s o  was pro- 
vided f o r .  The r a t i o n  conta ined 139 g of  p r o t e i n .  88 g of  f a t  and 3, 
345 g of carbohydrates .  The r a t i o n  w a s  balar.ced wi th  e s s e n t i a l  
amino a c i d s ,  and it conta ined t h e  normal amount of  t h e  b a s i c  minera l  
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elements  and poll.yunsaturated f a t t y  a c i d s  (V. N. Bychkov, e t  a l : ,  
1970). The food r a t i o n  of t h e  Soyuz 9 crew was supplemented wi th  
Undevid type  polyvitzzl:,in lozenges .  The a s t r o n a u t s  took them two 
times a day. The s e l e c t i o n  of  f o o d s t u f f s  was chosen, cons ide r ing  
t h e  i n d i v i d u a l  t a s t e s  of t h e  a s t r o n a u t s .  The average d a i l y  water  
consumption was 1.95-2.15 1 p e r  n.an ( inc lud ing  water  conta ined i n  t h e  
f o o d s t u f f s  and d r i n k s ,  a s  w e l l  a s  0.35 1 of  metabol ic  w a t e r ) .  

The personal  hygiene sets of  t h e  Soyuz crews included c l o t h s  and 
towels ,  both dry  and wet ted  wi th  a  s p e c i a l  l o t i o n ,  in tended f o r  c a r e  
of t h e  s k i n  of t h e  f a c e  and hands, rubbing t h e  gums, e t c .  The f l i g h t  
program of  Soyuz 9 provided f o r  s p e c i a l  "bath" days (days 7 and 1 4  of 
t h e  f l i g h t ) ,  when t h e  a s t r o n a u t s  changed underwear and i n i t i a l l y  
rubbed t h e  body wi th  a  towel  wet ted  wi th  l o t i o n  and, then ,  w i t h  a  
d ry  towel. The pe r sona l  hygiene sets of t h e  crews a l s o  inc luded 
mechanical and s a f e t y  r a z o r s  and combs. 

The work and rest schedule  of  t h e  a s t r o n a u t s  i n  t h e  f i r s t  /118 
f l i g h t s  of t h e  Soyuz s p a c e c r a f t  was compiled, on t h e  b a s i s  of t h e  
p r i n c i p l e  of  p rese rv ing  t h e  24-hour d a i l y  c y c l e ,  wi th  a  s i n g l e  8- 
hour s l e e p  each day. A c e r t a i n  change i n  t h e  work and rest schedule  
from f l i g h t  t o  f l i g h t  was i n  t h e  d i r e c t i o n  of  i n c r e a s i n g  t h e  f r e e  
t i m e ,  number and d u r a t i o n  of p h y s i c a l  t r a i n i n g  e x e r c i s e s  and a 
r educ t ion  of t h e  t o t a l  number of working hours. 



During the flights of Soyuz 3-Soyuz 8, the motor activity of the 
astronauts was not regulated, in connection with the short duration 
of these flignts. In :he 18-day flight of Soyuz 9, the astronauts 
performed a set of physical exercises, lasting up to 60 min,, twice a 
day. Thz morning set of physical exercises began approxirn~~tely 2-1/2 
hours after sleeping and the evening, 2 hours before going to sleep. 
The special organization of the motor behavior of the astronauts 
during the flight of Soyuz 9 was connected with the greater length 
of this flight and the necessity for preventive t~eatment of possible 
disturba~~ces, caused by ths flight factors. 

The physical exercise set was made up of repeating three-day 
cycles. A cycle included exercises of a speed-strength nature (1st 
day), sustained strength (2nd day) and general endurance (3rd day); 
the 4th day of the training cycle was devoted to active recreation. 
The load was not planned on this day, and the astronauts could 
select the type and number of exercises, at their discretion. During 
each training exercise, the load was distributed uniformly over all 
the groups of muscles, with the accent on exercises ~imulating 
walking,running and inertial-impact actions (Ye. I. Vorob'ev, et al., 
1970). Rubber shock absorbers and a special suit, permitting the 
astronauts to confine themselves to a platform installed on the man- 
hole and equipped with loops for fastening the shock absorbers, were 
used as the loads. According to the report of astrsnauts, they 
enjoyed the training, noting an effect "muscular joy" from the 
physical exercises and an "energy charge" for the entire working day 1 ' 
(see section 3, Chapter 5). 

During the 18-day flight of Soyuz 9, "days off" were provided on 
days 9 and 17 of the flight, during which the astronauts were freed 
as much as possible from programmed work. These days were used for 
active recreation. 

Medical Monitoring System 

To make it possible to carry out physiological examinations and 
medical monitoring of the condition of the Soyuz crew members, a 
special method of obtaining medical information was developed (Yu. G. 
Nefedov, et al., 1970). The following types and sources of informa- 
tion were used here, for operational medical monitoring of the 
condition of the astronauts: 

--Materials of the radiotraffic of the crew with the ground 
command-measurement complex, including reports from onhoard of the 
state of health of the astronauts, according to self- and mutual 
monitoring data; 

--Materials from television o b s e r v a t i o n  of the crew members; 



--Telemetry data, characterizing the functional state of the 
cardiovascular and respiratory systems, microclimate parameters of 
the inhabited sections of the craft and the spacesuitr (pressure, 
temperature, relative humidity, oxygen partial pressure, carbon 
dioxide partial pressure). 

The onboard medical monitoring equipment provided for measure- /119 
ment and tranemission to ground measurement points of electro- 
cardiograms (EKG) , seismocardiograms (SKG) , pneumograms (PG) and heart 
rate (PR) of each astronaut, as well as measurement and display on 
the medical monitoring panel of the heart rate and body temperature 
of astronauts in spacesuits, pe:'forrning extravehicular activity. 
Those indices were measured at the stage of preparation for trans- 
fer and in the process of the transfer itself. 

Production of che information was ensured by a unified system 
of sensors -- seismocardiographic andpneumographic sensors (the first, 
of the induction, the second, of the tensometric type), two sets of 
silver electrocardiographic electrodes, as well as a strap system of 
fastening with cable leads. The se.'smocardiographic (SKG) and 
pneurnographir,(PG) sensors were fastened, by means of a special system: 
SKG, in the region of the top impulse, the PG, on the anterior 
Adominal wall, in the upper sections of it. One of the EKG electrode 
sets is installed on thoracic cage, in the DS lead (active electrodes 
to the right and left of the middle axillary lines, at the level of 
ribs VI, VII). The electrodes of the second set were attached to $9 

the skin of the thoracic cage, by means of a cement composition si 
developed for this purpose, in a section close to the A lead, 
according to Nehu (active electrodes were located: one along the 
ribline, in the upper third of the sternum, the other along the left 
mid-clavicular line, at the level of ribs VI, VII), and they were 
used for recording the EKG, during preparation for and accomplishment 
of the transfer operation. Gluing the electrodes in the leads 
indicated ensured production of electrocardiograms with ::inimum 
signal distortion, while the astronauts were performing work in the 
spacesuit. Since individual stages of the transfer program were 
executed during flight outside the zone of radio visibility of the 
ground ~~ensurement points, the spacecraft commander followed the 
heart rate and body temperature. 

An indicating instrument, installed on the medical monitoring 
panel in descent vchicle of the Soyuz spacecraft, was used as a 
heart rate indicator. During work in the spacesuit, a rectal 
body temperature sensor was used to obtain the information. 

Signal lamps, with two lighting modes, corresponding to the 
two threshold values of the measured quantity (38.3 and 3g0), on 
the medical monitoring panel of the Soyuz spacecraft, were the 
body temperature indicators. 



!i During the flight of Soyuz 9, to carry out medical monitoring 
of the astronauts, a functional test waR carried out once every other 

% day during a communications session (Ye. I. Vorob'ev, et al., 1970). 
1 This test consisted of three series of stretching the rubber shock 

absorbers in a position on the back. Ten stretches were carried out 
in each series (once per second), at 5 sec intervals. The physio- 
logical indicators were recorded, with the astronaut at rest, for a 
period of 1 minute before the test, while performing it and 2 min 
after finishin,g it. Acccrding to the program, each astronaut per- 
formed this test once every other day. 

In the medical provisions of comparatively short (up to 5 days) 
flights of the Soyuz 3-Soyuz 8 spacecraft the physiological parameters 
were taken and transmitted by telemetry, during practically the 
entire time the craft was in the radio visibility zone in the 
territory of the USSR. During the 18-day flight of Soyuz 9, it was 
decided that it was possible to reject this scheme: the astronauts 
were permitted to independently remove and put on the physiological 
sensor and electrode system belt. In this case, recording of the 
physiol~gical parameters of each astronaut was carried out at least 
twice a day (morning and evening, according to the onhoard order of 
the day). Besides, the flight program provi2ed for days, when, for 
the purpose of monitoring the dynamics of the diurnal periodicity 02 
the physiological parameters, they were recorded continuously during 
all telemetry communications sessions. * 
Results of In-Flight Studies 

During the entire time of the flight, the astronauts evaluated /120 
their state of health as excellent or good. A detailed analysis of 
the medical history data revealed some interesting facts. Thus, G. T. 
Beregovoy reported that, at the start of the flight, he noted some 
increase in the interval between the intention to perform a motor 
act and the act itself, as well as a slightly expressed feeling of 
discomfort with abrupt turns of the head. At the moment of pressing 
the head against the headrest with eyes open, it seemed to him that 
the craft was rotating and, with eyes closed, that his body was 
rotating. All these sensations disappeared upon raising the head, 
when there was no contact! with the headrest. In the first 20 min of 
weightlessness, A. G. Nikolayev had a sensation of a 30' upward move- 
ment of the instrument 2anel. Moreover, upon abruptly inclining the 
trunk or head and with simultaneous immobilization of the legs, both 
A. G. Nikolayev and V. I. Sevast'yanov experienced a sensation, 
similar to that which took place on earth, at the moment of action of 
Coriolis accelera~ion. 

Upon enterinethe stiteof weightlessness, all the astronauts had 
a subjective sensation of bload rushing to the head. In their words, 
this sensation was approxinrately the same as that of a man with the 
head downward, under the conditions of earth. Some puffiness and 



: reddening of t h e  f a c e  emerged he re ,  a s  w e l l  a s  reddening of  t h e  
3 s c l e r a  of t h e  eyes. The i n t e i - s i t y  of t h e  s e n s a t i o n  of blood rushing 

t o  t h e  head u s u a l l y  decreased a f t e r  t h e  f i r s t  days of t h e  f l i g h t  
and, i n  a  numbei. of  cases ,  it was subsc rpen t ly  o b l i t e r a t e d .  However, 
by fZxing t h e  a t t e n t i o n  on t h i s  s e n s a t i o n ,  jt. agaj?  became somewhat 
aggravated.  The impression i s  c r e a t e d  by t h e  d z t a  r e p o r t e d  by t h e  
a s t r o n a u t s ,  t h a t  t h e  acuteness  of t h e  s e n s a t i o n  o f  blood rush ing  t o  
t h e  head decreased n o t i c e a b l y ,  when, dur ing  t h e  so -ca l l ed  t w i s t i n g  
of t h e  c r a f t ,  t h e  a s t r o n a u t s  took a p o s i t i o n  a long the  c e n t r i p e t a l  
f o r c e  v e c t o r  (head toward t3e c e n t e r  of r o t a t i o n ) .  This  s e n s a t i o n  
apparen t ly  i s  connected wi th  a  s p e c i f i c  r e d i s t r i b u t i o n  of t h e  blood 
i n  t h e  body f o r  weight lessness .  

Ast ronauts  A. G .  Nikolayev and V. I. Sevas t tyanov,  analyzing t h e  
p e c u l i a r i t i e s  o f  execut ing  motions i n  t h e  s t a t e  of  we igh t l e s sness ,  
noted t h a t ,  a t  t h e  s t a r t  of t h e  f l i g h t ,  they  had some d i f f i c u l t i e s  :n 
e s t i m a t i n g  t h e  muscular e f f o r t s  necessa ry  t o  execute  t h e  c ~ r r e s p o n c i ~ n g  
motions. However, t h e s e  phenomena d i s a j p e a r e d  by days 3 o r  4 of t h e  
f l i g h t ,  which apparen t ly  is  evidence of working o u t  a  new motor 
s t e reo type .  Pushing away wi th  t h e  l e g s ,  t h e  a s t r o n a u t  could c o r r e c t  
t h e  body p o s i t i o n  wi thout  d i f f i c a l t y  and inove i n  t h e  r e q u i r e d  d i r e c -  
t i o n ,  p r a c t i c a l l y  wi thout  conscious c o n t r o l  of t h e s e  act ior .6.  V. I. 
Sevas t tyanov po in ted  o u t  t h a t  he could e a s i l y  g rasp  end move 
i n d i v i d u a l  o b j e c t s  wi th  h i s  l e g s .  

I 

Analys is  of r ad ioconversa t ion  d a t a ,  t h e  r e p o r t s  of t h e  a s t r o n a u t s  
on t h e i r  s t a t e  of h e a l t h  and t e l e v i s i o n  obse rva t ions  has  pe rmi t t ed  
determinatj .cn of  t h e  behavior  of t h e  a s t r o n a u t s  over  t h e  e n t i r e  
e x t e n t  of t h e  f l i g h t  a s  c o r r e c t  and adequate t o  t h e  s p e c i f i c  s i t u a -  
t i o n s .  The speech of t h e  a s t r o n a u t s  was d i s t i n c t  and p r e c i s e .  
According t o  t e l e v i s i o n  obse rva t ion  d;,ta, f u l l - s i z e  movements were 
performed; no d i s t u r b a n c e s  of movement coord ina t ion  were revealed .  
Te lev i s ion  and r a d i o  r e p o r t i n g  were c a r r i e d  o u t ,  wi th  a c t i v e  p a r t i c i -  
p a t i o n  by a l l  c r e w  members. I n  t h i s  c a s e ,  answers t o  q u e s t i o n s  
followed immediately and were adequate.  The e f f i c i e n c y  of al.1 
a s t r o n a u t s  was high f o r  t h e  e n t i r e  d u r a t i o n  of  t h e  f l i g h t .  Execution 
of complicated maneuvers, inc lud ing  approach and docking, conduct of  
numerous experiments ,  a s  w e l l  a s  s u c c e s s f u l  performance o i  work 
o u t s i d e  t h e  c r a f t ,  a r e  primary evidence of t h i s .  H ~ , , ~ s v e r ,  a f t e r  
performing complicated experiments  and completing a work-saturated /123 
day, t h e  a s t r o n a u t s  noted some f a t i g u e ,  which completely d isappeared  
a f t e r  s leeping.  The f e e l i n g  of t h i r s t  u s u a l l y  was somewhat reduced 
i n  f l i g h t .  Na tu ra l  f u n c t i o n s  were n o t  d is r r lp tcd ,  a l though t h e  s t o o l  
was no t  always r e g u l a r .  Thus, t h e  f i r s t  d e f e c a t i o n  of t h e  Soyuz 9 
crew members was on t h e  f o u r t h  day of t h e  f l i g h t  and t h e  n e x t ,  a s  a  
r u l e ,  two days l a t e r .  Ur ina t ion  was r e g u l a r ,  2-5 times ?er day. 

S leep  >:as deep dur ing  t h e  18-day f l i g h t ,  a f t e r  a  few days of  
a d a p t a t i o ~ ! ;  i t s  d u r a t i o n  was 7-9 hours.  I n  t h e  words of t h e  a s t r o -  
nau t ,  s l e e p  "always brought f r e s h n e s s  and cheer fu lness . "  They f e l l  
a s l e e p  qu ick ly ,  approximately a s  on e a r t h .  V. I .  Sevast 'yanov 



prefa-redto s l eep  i n  an unseciured s leep ing  bag. On t h e  first day 
of t h e  f l i g h t ,  he sometimes f e l l  a s l eep  f o r  10-15 min i n  h i s  f r e e  

i time. 

As a r e s u l t  of processing t h e  medical information, general  
pa t t e rns  obtained i n  t h e  physiological  indicatorsunder  t h e  inf luence 
of f l i g h t  f a c t o r s  and condi t ions ,  f i r s t  and foremost, such an 
i n t e g r a l  i nd i ca to r  a s  h e a r t  r a t e ,  were revealed. 

: 
A quan t i t a t i ve  es t imate  of t he  change i n  h e a r t  ra:e, r e s p i r a t i o n  h rate and bas ic  EKG i nd i ca to r s  d id  no t  d i s c lo se  d i f fe rences  i n  t h e  

dynamics of these  i nd i ca to r s  i n  d i f f e r e n t  as t ronauts ,  during t h e  
8 

7 powered sec t ion  of t h e  f l i g h t  and during the  descent .  In  an examina- i 
t i o n  during t h e  5-minute readiness  period,  t h e  h e a r t  rates of a l l  
as t ronauts  increased sha rp lyand the  t i m e  i nd i ces  of t h e  EKG decreased. 
These changes w e r e  s t i l l  more pronounced i n  t h e  f i r s t  o r  second 

i 
minute of t he  f l i 5 u t  i n  t h e  powered sec t ion ,  and they subsequently 

f 
had a tendency t o  decrease. The most pronounced changes i n  physio- + 
l og i ca l  i nd i ca to r s  w e r e  noted i n  t h e  descent  por t ion.  
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Fig. 12. Heart r a t e  dynamics of Soyuz 4 and Soyuz 5 
spacecraf t  crew members during o r b i t a l  f l i g h t :  
1) average ind ices  i n  p r e f l i g h t  period;  2) average ind i ces  
i n  f l i g h t ;  IPF i n i t i a l  period of o r b i t a l  f l i g h t  ( o r b i t s  1-7); 
1 POF f i r s t  ( o r b i t s  13-23) .per iod of o r b i t a l  f l i g h t ;  2 POF 
second period ( o r b i t s  29-39); PDP predescent period of f l i g h t  
( l a s t  3-4 o r b i t s ) .  
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Fig. 13. Dyilamics of average h e a r t  r a t e s  of Soyuz 9 
spacecraf t  crew members i n  o r b i t a l  f l i g h t :  1) average pre- 
f l i g h t  per iod values i n  waking state; 2) average values of 
physiological  ind ices  i n  d i f f e r e n t  per iods  of o r b i t a l  f l i g h t ;  
3) smoothed curve, charac te r iz ing  d i r e c t i o n  of change of 
physiological  i nd i ces  i n  o r b i t a l  f l i g h t ;  IPF i n i t i a l  period 
cf o r b i t a l  f l i g h t ;  PDP predescent period;  4 )  average values  
of ind ices  i n  a given period;  s t a t i s t i c a l l y  s i g n i f i c a n t  
(P < 0.05) d i f f e r ence  from average values  of p r e f l i g h t  
period;  5) average values  of ind ices  i n  a given period;  
s t a t i s t i c a l l y  s i g n i f i c a n t  d i f fe rences  from average pre- 
f l i g h t  per iod values (0.05 < P 0.10). 
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Fig. 14 .  Dynamics of average length of asynchrono~s  h e a r t  
con t rac t ion  period of Soyuz 4 and Soyuz 5 spacecraf t  crew 
members i n  o r b i t a l  f l i g h t :  des ignat ions  same a s  i n  Fig,  12. 
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Fig. 15. Dynamics of  d i f f e r ence  between a c t u a l  and proper 
value of electromechanical s y s t o l e  of Soyuz 4 and Soyuz 5 
spacecraf t  c r e w  members i n  o r b i t a l  f l i q h t :  des ignat ions  
same a s  i n  Fig, 12. 

f 
After  i n j e c t i o n  of t h e  c r a f t  i n t o  o r b i t ,  t h e  h e a r t  rate and 

o ther  physiological  indie?es had a tendency t o  r e tu rn  t o  normal. The 
h e a r t  r a t e s  of t h e  Soyuz 4 ,  Soyuz 5 and Soyuz 9 spacecraf t  c r e w  
members reached t h e  p r e f l i g h t  values  a f t e r  5-6 o r b i t s  and, subse- 
quently (outs ide  t h e  period of work i n  t h e  unsealed sec t ions  of t h e  
c r a f t  and i n  open space) ,  s tayed a t  a lower average l e v e l  than i n  t h e  
p r e f l i g h t  period o r  d id  no t  d i f f e r  from it (Fig. 12 ) .  

The h e a r t  r a t e s  of A. G. Nikolayev and V. I. Sevast'yanov had 
a tendency t o  increase  i n  t h e  last  t h i r d  of t h e  f l i g h t ,  and they 
p r a c t i c a l l y  reached the  p r e f l i g h t  values (Fig. 13) .  

Reactions of t h e  h e a r t  con t rac t ions  t o  t h e  standard physical  
load of both as t ronauts  were not  sub jec t  t o  s i g n i f i c a n t  changes f o r  
t he  durat ion of t h e  f l i g h t .  The dynamics of t h e  e l e c t r i c  s y s t o l e  
and s y s t o l i c  index, although they determined t h e  h e a r t  r a t e ,  t h e  
values of these  i nd i ca to r s  and t h e  dev ia t ion  from t h e i r  proper values  
usual ly  e i t h e r  d i d  not  d i f f e r  from the  p r e f l i g h t  o r  were less than 
t h a t .  The durat ion of i n t r a v e n t r i c u l a r  conduct ivi ty  and t h e  period 
of asynchronous cont rac t ion  of t h e  Soyuz 4 and Soyuz 5 crew members 
somewhat sxceeded the  i n i t i a l  values i n  a l l  cases  (Fig. 1 4 ) .  

The length of the  electromechanical and mechanical s y s t o l e  
changed i n  d i r e c t  proport ion t o  hea r t  r a t e .  1x1 t h i s  case ,  t h e  average 



systole values, as well as the differences between them and the 
correct values of nearly all Soyuz 4 and Soyuz 5 astronauts exceeded 
the preflight data by statistically significant amounts (Fig. 15). 
In connection with this, the electromechanical coefficient also was 
very much higher than the values in the preflight period. 
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Fig. 16. Dynamics of average length of asynchronous heart 
contraction period of Soyuz 9 spacecraft crew members in 
orbital flight: designationssame as in Fig. 13. 
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Fig. 17. Dynamics of difference between actual and proper 
values of mechanical systole of Soyuz 9 spacecraft crew 
members in orbital flight: designationssaiie as in Fig. 13. 

The duration ofintraventricularconductivity, the asynchronous /124 
contraction phase and the differences between the actual and proper 
mechanical systole values of A. G. Nikolayev and V. I. Sevast'yanov 
also exceeded the baseline data, although these differences were not 
statistically significant in all periods of the flight (Figs. 16 and 
17). During preparation for and performing extravehicular activity, 
t h e r e  was a s t a t i s t i c a l l y  s i g n i f i c a n t  and s h a r p  i n c r e a s e  f n  h e a r t  
r a t e ,  r e s p i r a t i o n  r a t e  and s y s t o l i c  i n d e x ,  and d e c r e a s e  i n  t h e  
t ime  i n d i c e s  of t h e  e l e c t r o ~ 2 a r d i o g r a m s  and s e i s m o c a r d i o g r a n s ,  
e l e c t r o m e c h a n i c a l  c o e f f i c i e n t  and d u r a t i o n  o f  t h e  f i r s t  and second 
o s c i l l a t o r y  c y c l e s .  



It should be noted that the changes in physiological indices, [I25 
during the period of preparation for and accomplishing the transfer 
were not unexpected, and that they did not differ significantly from 
the data recorded on other astronauts. 
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Fig. 18. Dynamics of heart rates of Soyuz 6-Soyuz 8 space- 
craft crew members in flight: 1) average preflight period 
values during waking hours; 2) same during sleep; 3 )  indices 
during flight; 4) smoothed curve characterizing direction of 
change in physiological indices during orbital flight; 
orbits 7-12, 23-28, 39-44, 56-60, divided by vertical lines, 
correspond to astronaut sleeping periods. 

Data on changes in the physiological indices of the crew members 
of Soyuz 3, Soyuz 6, Soyuz T and Soyuz 8 were somewhat different than 
those of the astronauts f1yir.g in Soyuz 4, Soyuz 5 and Soyuz 9. In 
the first case, the heart rates of the astronauts, althol~gh there 
was a tendency towards a slow recovery to the preflight values, they 

? were somewhat highex than the initial for G. T. Beregovcy, V. N. 
t 
> 

Kubasov and A. V. Filipchenko during practically the entire flight 
, (Fig. 18). The in-flight heart rates of the rmaining crew members, 

x f except A. S. Yeliseyev, did not differ significantly from the pre- 
flight values. The length of the asynchronous contraction period \ 
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Fig.  19. Dynamics of  l e n g t h  o f  asynchronous h e a r t  con- 
t r a c t i o n  pe r iod  of  Soyuz 6-Soyuz 8 s p a c e c r a f t  crew members 
i n  o r b i t a l  f l i g h t :  d e s i g n a t i o n s  same a s  i n  Fig .  18. 

dur ing  f l i g h t  a l s o  was t h e  same a s  i n  t h e  p r e f l i g h t  p e r i o d  o r  even 
somewhat less ( f o r  G. T. Beregovoy and A. V. Fi l ipchenko;  Fig .  1 9 ) .  
N o  i n c r e a s e  was revea led  i n  t h e  d i f f e r e n c e  between t h e  a c t u a l  and 
proper  e lec t romechanica l  and mechanical s y s t o l e  va lues  i n  f l i g h t ,  
dur ing  waking p e r i o d s ,  compared wi th  p r e f l i g h t  pe r iod  d a t a  (Fig. 2 0 ) .  
A l l  o f  t h e s e  f e a t u r e s  o f  t h e  change i n  p h y s i o l o g i c a l  i n d i c e s  i n  
f l i g h t ,  of t h e  Soyuz 3, Soyuz 6 and Soyuz 8 crew members, apparen t ly  
were connected w i t h  nervous-emotional stress, caused by execut ion  
o f  numerous s p a c e c r a f t  maneuvers and o t h e r  complicated opera t ions .  
The o r i e n t a t i o n  i n  space o f  t h e  a s t r o n a u t s  was h indered  w i + \  eyes  
c losed ,  dur ing  p r a c t i c a l l y  t h e  e n t i r e  e x t e u t  of  t h e  f l i g h t .  Thus, 
dur ing  f r e e  f l o a t i n g  i n  t h e  cab in  wi th  eyes  c losed ,  t h e  a s t ~ o n a u t s  
qu ick ly  l o s t  t h e  i d e a  of t h e i r  body p o s i t i o n s  wi th  r e s p e c t  t o  t h e  
cab in  coord ina tes .  A. G. Nikolayev and V. I. Sevast 'yanov,  d e t e r -  
mining t h e  v e r t i c a l  d i r e c t i c n  wi th  open and c l o s e d  eyes ,  us ing  t h e  
V e r t i c a l '  appara tus ,  committed more s i g n i f i c a n t  e r r o r s  i n  each test  

Y 
than  p r e f l i g h t  (0. G. Gazenko, B. S. Alyakr inskiy ,  1970).  

t Analys is  of t h e  d a i l y  u r i n e  of  t h e  Soyuz 9 crew members, 
2 c o l l e c t e d  on t h e  ls t ,  2nd and 18th days o f  t h e  f l i g h t ,  shoved an 
$- 
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Fig. 20. Dynamics of difference between actual and proper 
electromechanical systole values oi Soyuz 6-Soyuz 8 space- 
craft crew members in orbital flight : designationssame as 
in Fig. 18. 

increase in excretion of potassium, calcium, sulfur, phosphorus and 
nitrogen. In this case, the amount of oxycorticosteroids in the 
first two portions of urine was decreased,butithardly differed from 
the baseline data in the third portion (0. G. Gazenko, B. S. 
Alyakrinskiy, 1970). 

Results of Postflight Examinations 

The crew members of Soyuz 3-Soyuz 8 spacecraft did not make any 
complaints of painful feelings or poor state of health after the 
flight. They felt only fatigue, connected with performance of the 
comprehensive flight program. However, five of the seven crew 
members of the Soyuz 6, Soyuz 7 and Soyuz 8 noted an apparent 
increase (approximately double) i p  weight of objects immediately 
after landing. This feeling was manifested by a disproportion 
(decrease) of the effort in performing certain motor acts (Ye. I. 
Vorob' yev et al., 1970). 



A f t e r  t h e  f l i g h t  of Soyuz 9 ,  A. G. Nikolayev and V. I. 
Sevast 'yanov r e p o r t e d  t h a t  t h e i r  heads,  arms, l e g s  and even i n t e r n a l  
organs became unusual ly  heavy (0. G. Gazenko, B. S. Alyakr inskiy ,  
1970; Y e .  I. Vorob'yev 1970);  they  f e l t  t h e i r  weight.  I t  was 
d i f f i c u l t  f o r  t h e  a s t r o n a u t s  t o  p rese rve  t h e  v e r t i c a l  p o s t u r e  i n  t h e  
f i rs t  hours a f t e r  t h e  f l i g h t ,  and they  p r e f e r r e d  t o  l i e  down. 112 8 
A change t o  t h e  v e r t i c a l  p o s i t i o n  was accompanied by a d e t e r i o r a t i o n  
i n  sense  of well-being ( d i z z i n e s s  and weakness appeared) .  These 
s e n s a t i o n s  d i s t u r b e d  t h e  a s t r o n a u t s  f o r  a pe r iod  of  2-3 days,  b u t  
t h e  degree of  express ion  of  them g r a d u a l l y  decreased.  I t  was char- 
a c t e r i s t i c  t h a t ,  even i n  t h e  prone p o s i t i o n ,  they  experienced a 
f e e l i n g  of  be ing "pressed" i n t o  t h e  bed. A day a f t e r  landing,  t h e  
g a i t  of t h e  a s t r o n a u t s  remained unsure.  Considerable e f f o r t  was 
r e q u i r e d  t o  p rese rve  t h e  v e r t i c a l  pos tu re .  Thus, coming down t h e  
a i r c r a f t  l a d d e r ,  they  moved slowly,  hold ing o n t o  t h e  h a n d r a i l s  and 
spreading t h e i r  l e g s  wide. However, d e s p i t e  t h i s ,  t h e y  could  
independently climb t o  t h e  t h i r d  f l o o r  by t h e  s ta i rway.  The f a c e s  
of  t h e  a s t r o n a u t s  were pinched, they  were p a l e ,  they  looked f a t i g u e d  
and they  complained of g e n e r a l  weakness and p a i n s  i n  t h e  l e g  and 
back muscles. The muscle p a i n s  inc reased  i n  t h e  2nF t o  5 t h  days 
a f t e r  t h e  f l i g h t .  T h i s  apparen t ly  was connected wi th  expansion of 
t h e  motor behavior .  I n  a c l i n i c a l - p h y s i o l o g i c a l  examination, t h e  
g r e a t e s t  changes i n  t h e  p o s t f l i g h t  pe r iod  were i n  t h e  motor sphere  
and ca rd iovascu la r  system of t h e  Soyuz 9 crew members. 

I n  examination of t h e  neuromuscular a p p a r a t c s ,  i n  f l i g h t s  
l a s t i n g  up t o  5 days,  marked changes i n  t h e  motor f u n c t i o n s  were n o t  .,+' 

disc losed .  Moreover, some decrease  was f ~ u n d  i n  t h e  tonus  o f  t h e  d 
muscles of t h e  lower e x t r e m i t i e s  ( t h e  examination was c a r r i e d  o u t  
by t h e  methods of Sirman and Uflyanda) and c e n t r a l  f o r c e  (L. I. 
Kakurin, e t  a l . ,  1970, 1971).  The tonus  and s t r e n g t h  of  t h e  muscles 
of  t h e  upper e x t r e m i t i e s ,  a s  w e l l  a s  t h e  pe r imete r s  of t h e  e x t r e m i t i e s ,  
were p r a c t i c a l l y  unchanged. With i n c r e a s e  i n  f l i g h t  d u r a t i o n  t o  1 8  
days,  more pronounced changes were observed i n  t h e  neuromuscular 
system. They were manifes ted  by l a r g e  r e d u c t i o n s  i n  t h e  tonus  and 
s t r e n g t h  of  t h e  a n t i g r a v i t y  muscles,  a cons ide rab le  i n c x e a ~ ~ :  i n  t h e  
r e f l e x  e x c i t a b i l i t y  of t h e  neuromuscular appara tus  ( b i o e l e c t . r i c  
a c t i v i t y  of t h e  muscles p a r t i c i p a t i n g  i n  accomplishing t h e  knee 
r e f l e x  i n c r e a s e s ) ,  a dec rease  i n  t h e  s t r e n g t h  of  t h e  back e x t e n s o r s  
( c e n t r a l  f o r c e )  on t h e  3rd day after t h e  f l i g h t  was reduced by 
40 kg f o r  A. G. Nikolayev and by 6 5  kg f o r  V. I. Sevast 'yanov) and 
a moderately expressed a t rophy of t h e  l e g  muscles; t h e  pe r imete r s  of 
t h e  c a l v e s  and t h i g h s  of both  a s t r o n a u t s  decreascd (M. A. 
Cherepakhin, V. I. Pervushin,  1 9 7 0 ) .  A t  t h e  same t i m e ,  i n  an  
examination of t h e  muscles of  t h e  shou lde r  g i r d l e ,  t h e  d a t a  ob ta ined  
was p r a c t i l a l l y  unchanged from t h e  p r e f l i g h t .  

From t h e  s t a b i l o g r a p h i c  examination d a t a  a f t e r  t h e  f l i g h t ,  
r e g u l a t i o n  of t h e  v e r t i c a l  pos tu re  d e t e r i o r a t e d ;  t h e  ampli tude of 
o s c i l l a t i o n s  o f t h e  common c e n t e r  of  g r a v i t y  inc reased  



and their frequency decreased in almost all the astronauts, with 
eyes open and closed.(B. N. Petukhov, et ale, 1970; Ye. I. Vorob'yev, 
et al., 1970). These changes were marked in the Soyuz 9 crew 
members, and, in distinction from the astronauts participating in 
the preceding flightstheir regulation of the vertical posture became 
normal, only on the 10th day after the flight. 

In an examination, using the seismotr&mography method, an 
increase in frequency and amplitude of physiological tremor was 
disclosed. Thus, the stabilographic and seismotremographic examina- 
tion data in the postflight period indicates some imbalance in the 
mechanisms regulating muscle efforts directed toward compensation of 
the force of gravity. 

As a result of study of the reactions of the cardiovascular 
and respiratory systems, by measured, submaxj.mum physical loads 
(1400 kgm), in work on the bicycle ergometer, a more pronounced 
increase in heart rate and reduction in the oxygen pulse, without /129 
significant changes in the oxygen consumption, than in the preflight 
period, was established in the crew members of Soyuz 6, Soyuz 7 and 
Soyuz 8.(Ye. I. Vorobtyev, et al., 1970). Exhalation of carbon di- 
oxide and the respiratory coefficient increased. Four astronauts of 
the seven subjectively tolerated the physical load with greater 
difficulty. In a hernodynamic examination in the postflight period, 
a more significant increase in maximum and average arterial pressure s. and a more marked reduction in minimum pressure was found in a number 
of cases, after performing the physical loading, as well as a change L' 
in the nature of their recovery, in particular, a lag in recovery of 
the minimum arterial pressure. The nature of the changes described 
apparently indicates some deterioration in the functional condition 
of the oxygen transport system and the regulatory capacity of the 
cardiovascular system. 

The greatest changes in conduct of the passive orthostatic tests 
were noted after the 18-day flight. Thus, two or three days after 
the flight, the reactions of the Soyuz 9 crew members to the tsst 
were considerably more pronounced than before the flight, and they 
were greater than those of astronauts after the 4- and 5-day flights 
of the remaining Soyuz spacecraft (Ye. I. Vorob'yev, et al., 1970; 
V. V. Kalinichenko, et al,l970). Fo: example, V. I. Sevasttkanov 
tolerated the 10-mi~ute passive vertical position with difficulty. 
In this case, his maximum heart rate reached 128 beats per minute 
(96 beats per minute before the flight), with a tendency to decrease 
at the end of the test, which is an unfavorable sign, indicating the 
possibility of development of collapse. Some decrease in orthostatic 
tolerance was observed in A. G. Nikolayev, three days after the 
flight. His pulse rate in this test increased to 102 beats per 
minute (to 98 beats per minute before the flight). It is interesting 
to note that, five days after landing, the extent of reduction in 
orthostatic tclerance of A. G. Nikolayev was more marked than after 
three days. In this period, the change in physiologic?.l indices of 



V. I. Sevast'yanov were less than on the 2nd day of examination. 
Finally, on the 11th day after landing, practically all of the 
indices recorded returned towards the preflight level, although some 
of them, nevertheless, had not reached them. 

A reduction in orthostatic tolerance after a flight has 
repeatedly been noted before. The flight of Soyuz 9 is not an 
exception, in this respect. Moreover, such a significant reduction 
in orthostatic tolerance after this flight, when the astronauts could 
not be in the vertical position, although it was not unexpected, 
deserves che most fixed attention. 

Study of the density of specific sections of the skeletons of 
A. G. Nikolayev and V. I. Sevasttyanov, conducted by means of X-ray 
rhotometry and ultrasound methods, revealed a small reduction in 
density, with these changes being more pronounced in the lower 
extremities. Thus, the optical density of the calcaneus was de- 
creased (in an examination on the 2nd day) by 8.5-9.6%, and that of 
the primary phalanges of the fingers, by 4.26-5.568 on the average. 
On the 22nd day after landing, the optical density of the bones still 
had not reached the initial level. 

The body weight of the astronauts after the flights was reduced 
in all cases (Table 38) . However, after flights lasting 3 - 5  days, 
the weight was quickly recovered ( i n  the course of 3-5 days). This 
rapid recovery of weight, as well as the increase in hematocrit, 
noted in a number of cases, and the absence of muscular atrophy 
apparently is evidence that the reduction in body weight in flights 
lasting 3-5 days, involve dehydration of the body. In connection /130 
with the slow weight recovery after the 18-day flight, an increase 
in tissue catabolism processes and their predominance over synthetic 
processes must be thought of. 

The hydrophilic nature of the blood was decreased, as a rule, 
in a study for one or two days after a flight. It usually was 
restored by the third day after a flight (Ye. I. Vorobtyev, et al., 
1969, 1970). During the first day after landing, the astronauts 
experienced a strong thirst, with a simultaneous reduction in 
diuresis. Ina water loading test, carriee out the first or second 
day after flight, water retention in the body was revealed in nearly 
all astronauts* V. A. Shatalov and A. S. Yeliseyev (Soyuz a ) ,  as 
well as A. G. Nikolayev and V. I. Sevast'yanov (Soyuz 9), were 
exceptions, in this respect. Signs of readjcatment of the hydrostatic 
status were faund in the astronauts during the flight. The majority 
of them had a reduced feeling of thirst. Regular changes in urina- 
tion frequency at various stages of the flights were not noted. 
However, the portions of urine eliminated in the first days of the 
flight were greater than on earth, in a number of cases. 

The main reault of the bioinedical research, carried out during 
the manned flights of the Soyuz spacecraft, is the reasoned proof of 



TABLE 38 

DATA ON BODY WEIGHT LOSS AFTER SPACE FLIGHTS 
-- 

the possibility of not only long (up to 18 days) stays of man under 
space flight conditions, but of t h e  v a r i e t y  of h i s  a c t i v i t i e s .  

Decrease i n  
Astronaut 

-- - kg -- 

As a result of completion of the Soyuz program, a vast amount 
of information has been accumulated, indicating the appearance of 
shifts in a number of systems of the human body. 1. 

It has been established that, in distinction from unidirectional 
changes during orbiting and descent of spacecraft, the heart rate and 
other cardiac activity indicators during orbital flight, even under 
conditions of a joint flight in one craft, there were statistically 
significant differences in the direction of the changes in different 
astronauts. 
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During the orbital flights of Soyuz 4 through Soyuz 9, a reduc- 
tion in pulse rate was noted after a few hours of flight, as well as/131 
an increase in the asynchronousa3ntract ionphase and difference between 
the actual and proper electromechanical and mechanical systole values, 
compared with the preflight data. It is possible that the shifts 
revealed indicate an unloading nature in the reaction of the cardio- 
vascular system. 
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In distinction from the changes described, there was not a clearly 
expressed "unloading" reaction syndrome, on the part of the cardio- 
vascular system, in Soyuz 3 crew members. During waking hours, the 
regular increase in duration of the intraventricular conductivity and 
electrical systole, and an increase in the asynchronous contraction 
period did not occur, and there were no differences between the act~al 
and proper electromechanical systole values or decrease in the Hegglin 
indicator. The singularities of change in the cardiac activity 



indicators noted could be connected with the fact that, during these 
flights, the astronauts executed complex maneuvers. 

Thus, the neuropsychic load caused by performance of complex 
dynamic operations, although it did not show up noticeably in the 
general condition and efficiency of the astronauts, nevertheless, 

caused dietinct changes in the heart activity indices. 

The EKG and electromechanical relation changes discussed, as 
well as the change in activity of the first and second vibrational 
cycles of the SKG, apparently indicate a functional adjustment of 
the blood circulation apparatus. They are caused both by the 
singularities of regulation connected with the effect of weightless- 
ness, nervous-emotional stress and chanqe in the hemodynamic relation- 
ships (in particular, with redistribution of the blood) and, in all 
likelihood, with changes in the water-salt metabolism. 

Thus, the observed changes in the physiologicai reactions of 
the cardiovascular system indicate an adequate, full functional 
v~ilue of the blood circulation apparatus under rest conditions. 

In the postflight period, changes in the basic functions of the 
bodies of all astronauts (with some individual variations in 
expression ) were manifested by development of signs of asthenization 
and fatigue; a subjective feeling of increase in the weight of objects i 
and of one's own body; deterioration in regulation of the vertical 
posture, decrease in orthostatic tolerance, tonus and strength of 
the antigravitation muscles, progressing with increase in flight 
duration; a decrease in mineral saturation of bone tissues; and a 
decrease in body weight. Overall, the set ~f changes observed in 
the basic physiological systems in the postflight period indicate 
that the process of adaptation to normal conditions of life on earth, 
after a prolonged stay under weightless conditions, takes place with 
certain difficultiss and is accompanied by marked stress on the 
physiological systems. 

The specific weight of different factors of space flight, with 
respect to effect on the body, is far from unambiguous. 

Fluctuations of the microclimate parameters, as the results of 
statistical processing by covariance analysis showed, were not 
definitive. The total radiation doses received by the astronauts 
during the entire flight period were not over 0.4 rad and, conse- 
quently, could not cause a response reaction of the organism; 
nervous-emotional stress also did not have a great importance in the 
changes in physiological functions of the Soyuz 9 crew members d~ring 
the 18-day flight, since the content of oxycorticosteroids in the 
urine, which is an indicator of this state, to a certain extent, was 
even somewhat lower than in the baseline examinations. This 
circumstsnce possibly is connected with the fact that the flight too 
place in complete accordance with the program. Moreover, some de- 

F 
crease in oxycorticosteroid content in the urine permits the hypothesis 
to be made that there was no activation of the hypothalamo- 



hypophyseal-adrenal system under the entire set of orbital flight 
factors. In other words, in an orbital flight lasti2g 18 days, no 
pronounced state of stress was observed. Thip phenomenon may be 
connect?d with the reduction in activity of the dorsa; section of 
the hypothalamus, which plays the leading part in regulation of ACTH 
secretion by the hypoj$~ysis, as a consequence of decrease in the 
effective impulses from the proprioceptors and other mechano- 
receptors, which has been demonstrated in laboratory experiment0 on 
animals, by E. Gellhorn and G. Loofbourroi. (1966). 

Thus, the microclimate, radiati~~n and nervous-emotional stress 
were not of significant value in emergence of the response reactions 
of the human body in space flight. Weightlessness, hypokinesia and 
the intense activity of the crew members apparently were definitive. 
0. G. Gazenko and B. S. Alyakrinskiy (1970) considered that one of 
the important causes b ~ '  change in physiological functions during the 
18-day flight is the unusual diurnal rhythm of the crew members 
(at the beginning of the flight, sleep began at 7:00 a.m. Moscow 
time, and, at the end of the flight, the begirning of sleep had 
shifted to midnight). 

In the light of what has been reported, prophylaxis of the 
negative effect of flight factors on th: bod-; can be achieved, only 
by carrying out an extensive set of meksures, including rational 
arrangement of the work-and-rest schedule, specially arranged physical . , ?  . 
exercises and motor-activity schedule, the use of onboard training 
exercises and the correct use of pharmacological agents. \ ' 

4. Condition of Cardiovascular Systems of 
Astronauts During Flight of- Soyuz 
Orbital Station 

After the flights of some American astronauts, a dzcrease in 
their orthostatic tolerance was observed, accompanied by a aeterio- 
ration in condition, during a cnange of the body from the horizontal 
position to the vertical (Berry, 1966, 1969; Dieflein, J u d ~ ,  1.966). 

The reaction of the blood circulation of A. G. Nikolayev and 
V. I. Sevast'yanov to orthostatic effects turned out to be sir-qifi- 
cant, after the 18-day flight in Soyuz 9. As has already beer, 
stated in the preceding section, during the first days, the astro- 
nauts had c?ifficult.,r in tolerating a 10-minute orthostatic' test, in 
the process of which they developed paleness of the face, quickening 
of the plilse a.nd a decrease in stroke volume of the blood. These 
phenomena were especially pronounced in V. I. Sevast'yanov (V. V. 
Kalinichenko, V. A. Gornata, et al., 1970). Thus, the effects of 
prolonged space flisht factors results in changes arising in the 
cardiovascular systems of the astronauts, which limit the duration 
of the flight and require the conduct of special research ~-der 
actual flight conditions. In this connection, in thc Soviet Union, 



in preparing for the flight of the Salyut orbital station, a system 
of periodic medical examinations in a special Polinom apparatus 
was developed, permitting extensive studies of the blood circulation 
functions to be performed in flight. 

The studies were carried out, for the purpose of study of an 
overall direction an< rr.echanisms of chancre in the basic indices of the 
blood circulation system, under the inf1;ence of flight factors, /13 3 
determination of the possibility of predicting orthostatic tolerance 
of astronauts right during a fiight, study of the adequacy of hemo- 
dynamic niodels of weightlessness to actual flight conditions, evaluat- 
ing the possibilities of a new nedical monit~ring system, based on a 
considerable increase in diversity of examination methods, using 
removable sensors and special functional tests. 

ORIGINAL PAGE 1 
OF POOR QUAILIT 

Fig. 21. Outwzrd appearance of Polinom apparatus with 
second program sensors: 1) measurement channel unit; 
2) indicator unit; 3) pnematic unit; 4) tachyoscillo- 
graphic cuff with sensor; 5) distai-perimetric oscillo- 
gram sensor; 6) kinetocardiographic sensor; 7) kineto- 
cardiogram receiver; 8) thigh pulse cuff with sensor. 

Basically, studies of the blood circul7tion of the Salyut space 
station crew was the mechr -?cardiography of .'. N. Savitskiy (1963) , 

d,l,c;ryar and distal-perimetric oscil- modified by us, with t';;.:*. - 2 7  7 

lograms of the brachial ;.L ~ r y ,  kinetocardiograms in the region of 
the tcp impulse of the heart, sphyg~nograms of the brachial artery 
and pressure signs in the b~achial cuff being recorded by the 
Polinom apparatus (Fig. 21). 



r The h e a r t  r a t e ,  d i a s t o l i c ,  mean dynamic, l a t e r a l  and f i n a l  
5 s y s t o l i c  a r t e r i a l  pressure ,  r a t e  of propagation of t h e  pu lse  wave, 

i n  t h e  s ec t ion  from t h e  begjnning of t he  a o r t a  t o  t h e  middle of t h e  
brach ia l  and upper t h i r d  c f  t h e  femoral a r t e r y  and dura t ion  of t h e  
card iac  cyc l e  phases were determined from t h e  curves recorded. 

The stroke and minute volume of t h e  bloc?. H e r e  c a l cu l a t ed  by t h e  
I Bremser-Rank formula (1930), and t h e  i n t e r ~ h a s e  index K ,  from t h e  

r a t i o  tis vol x 100/texpelr where tiso 0 is t h e  dura t ion  of t h e  
isovoluine?ric*contraction phase of t he  v e n t r i c l e  ( i n  seconr's) , 
tex el is  t h e  durat ion of t he  blood e x ~ u l s i o n  phase of t h e  l e f t  
v e n t r i c l e  ( i n  seconds),  and 100 is a i a c t o r  t o  convert  t h e  r e s u l t s  
t o  percent .  

Examinations were c a r r i e d  o a t  twice i n  t h e  p r e f l i g h t  period: 
2-1/2 months and 10 &ys before t he  f l i g h t .  I n  f l i g h t ,  they w e r e  
s t a r t e d  on t h e  4th day and repeated every 3-4 days through day 21. 
J u s t  a s  on e a r t h ,  t h e  recordings w e r e  c a r r i e d  o u t  under rest condi- 
t i o n s ,  during a func t iona l  test, with c r ea t ion  of negative pressure  
on the  lower ha l f  of  t h e  body, and a f t e r  a proportioned physical  
workload. The Polinom apparatus functioned normally i n  f l i g h t .  

Physiological  information was t ransmit teq t o  e a r t h  by continu- /I34 
ous radiotelemetry o r  w e r e  recorded by an ontoard,  multichannel 
magnetic s to rage  device. $ ' 

I) 

Exaxination a t  Rest 

The volume study of blood c i r c u l a t i o n ,  c a r r i e d  out  d i r e c t l y  
during t h e  o r b i t a l  f l i g h t  of Salyut ,  can be decided from t n e  da t a  of 
Table 39. 

TABLE 39 

NUMBER OF EXAMINATIOKS CARRIED OUT I N  POLINOM-2M APPARATUS 
DURING FLIGHT OF SALYUT CREW 

I C )  m I I 
kl . .A- . 

E.xamhation Conditions 
skiy 

I I I 

Note: Number of examinations, from which minute volume of 
blood was ca lcu la ted  is i n  parentheses. 

A t  rest  
After physical workload 
With creation o f  negative pressure 
Total number of  examinations of 

each astronaut 

5 (3) 
4 (1) 
I (I) 

10 (5) 

6 (4) 
5 (3) - 

1 1  (7) 

4 (3) - 
1 ( 1 )  

-5 ( 4 )  
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Fig.  22. Samples o f  f l i g h t  r ecord ings  of  tachyosci l logram 
( l ) , p r e s s u r e  i n  b r a c h i a l  cu f f  (2) of  G. T. Dobrovol 'skiy 
22 June 1971, kinetocardiogram t r a n s m i t t e d  by t e l emet ry  
(3 )  and recorded i n  magnetic s t o r a g e  dev ice  (4) of V. I. 
Patsayev. 

The crew handled t h e  e n t i r e  conduct of  t h e  examinations. The 
recordings  ob ta ined ,  c a r r i e d  o u t  whi le  observing t h e  c o n d i t i o n s  
s p e c i f i e d  by t h e  i n s t r u c t i o n s ,  were of  h igh  q u a l i t y  and could  be 
i n t e r p r e t e d  completely (Fig. 2 2 ) .  However, s i g n i f i c a n t  d i f f i c u l t i e s  
a rose  dur ing  t h e  f l i g h t ,  wi th  record ing  t h e  pu l se  of t h e  femoral 
a r t e r y .  I n  connect ion wi th  t h i s ,  t h e  s t r o k e  volume of blood was 
c s l c u l a t e d ,  i n  t h e  m a j o r i t y  of c a s e s ,  by incorpora t ion  o f  t h e  
propagation r a t e  of t h e  pu l se  wave i n  t h e  s e c t i o n s  of  t h e  v e s s e l s  from 
t h e  a o r t a  t o  t h e  middle of t h e  b r a c h i a l  a r t e r y  i n  t h e  Bremser-Rank 
formula. 
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Fig. 23. Blood c i r c u l a t i o n  index 
dynamics of G. T. Dobrovol'skiy 
during p r e f l i g h t  examination and 
during f l i g h t  of Salyut:  the  
symbol x i nd i ca t e s  t h a t  t h e  
measurements were c a r r i e d  ou t  
wi th  a s p e c i f i c  time of propa- 
ga t ion  of t he  pulse  wave t o  t he  

The dvnamics of t h e  b a s i c  
blood c i r c u l a t i o n  ind ices ,  recorded 
f o r  t h e  a s t ronau t s  during t h e  
p r e f l i g h t  examination and on 
var ious  days of t h e  f l i g h t ,  a t  
rest and d i r e c t l y  hs fore  per- /136 
formance 3f func t iona l  workloads, 
a r e  shown i n  Fiqs. 23, 24 and 25. 
I t  is  evident  frcm che da t a  pre- 
sented t h a t  t h e  changes i n  blood 
c i r c u l a t i o n  during the  f l i g h t  a r e  
charac te r ized  by some s t r e s s  of 
t h i s  function.  I f  t he  hemo- 
dynamic i n d i c a t o r s  a r e  compared 
with  t h e  i n i t i a l  ones, recorded 
f o r  spacecraf t  commander G. T. 
Dobrovol'skiy and engineer- 
researcher  V. I. Patsayev on e a r t h ,  
t h e i r  values  t u r n  ou t  t o  be c l o s e r  
t o  t h e  r e s u l t s  of  t h e  l a s t  examina- 
t i o n ,  which w a s  performed d i r e c t l y  
before  going o u t  t o  t h e  spaceport.  
The l a s t  preparat ions  f o r  launch, 
f i n a l  medical examinations, e t c . ,  
took place  a t  t h i s  t i m e .  Thus, $$- 
t h e  s a tu ra t ed  na ture  of  t h e  
working day of  t h e  as t ronauts  w a s  

!t 

nuch more in t ens ive  than 2-1/2 
months p r e f l i g h t ,  when t h e  crew 
of t he  space s t a t i o n  w a s  f i r s t  
examined under t h e  f l i g h t  program. 
The h e a r t  r a t e  of G. T. Dobrovoll- 
sk iy  i n  f l i g h t ,  j u s t  l i k e  on 
27 May 1971, was 60-66 bea t s  per  
minute. The mean a r t e r i a l  
p r e s s u r e  - t h e  4th and 13 th  days 
of t h e  f t were 3.5 and 9% /137 
above 90 11 Hg, respec t ive ly ,  a n d  
31.5% on day 16. I n  an absolute  
major i ty  of cases ,  it was 5-10% 
below t h i s  value i n  t h e  p r e f l i g h t  
examination and 3-4.5% higher 
only two times. 

b r ach ia l  a r t e ry .  The minute volume of t h e  
blood exceeded 5.5 1 i n  f l i g h t ,  

i n  two ou t  of t h r e e  cases  (by 3.5% i n  one case  and 54.5% i n  t h e  
o t h e r ) ,  and jt was 20% l e s s  i n  one case. Durin3 t h e  p r e f l i g h t  
examination, t he  minute volume of blood proved t o  be g r e a t e r  than 
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5.5 1 in only two cases of six: 
by 4.5% and 40-45%, respectively. 

, It was 44951% less in one case and 
23-25% in three cases. The 
systolic blood volume duplicated 
the minute volume dynamics to a 
considerable extent. The pulse 
wave propaqation rate from the 

t aorta to the middle of the 
brachial artery of the station 
commander was above the initial 
rate on days 4 and 13. 

.' Single extrasystoles were 

i recorded throughout the flight for 
;I G. T. Dobrovol'skiy; they were 

determined from changes in the 
tachyoscillogram and kinetocardio- 
gram complexes. 

f 13 
The heart rate of V. I. 

A Patsayev, during conduct of the 
: periodic in-flight examinations, .#, 

was 72-77 beats per minute. 
During the preflight examinations, f 
it was 60 beats or less and, only 
on 18 March 1971, just before 
performing a functional test with 
a physical workload, it reached , ' 73 beats per minute. 

. --.---.- ..- . .-- 

L. i '  a -  , L  .. :- -. 
Flight day The mean arterial pressure 

was 33.5 and 31.5% above 90 mrn Ha 

Fig. 24. Blood circulation index 
dynamics of V. N. Volkov in pre- 
flight examination and during 
flight of Salyut: designations 
same as in Fig. 23. 

on days 5 and 12 of the flight and 
90% above on day 13. The maximum 
increase in mean pressure on earth, 
compared with the control value, 
was 25-27%, and this was observed 
only once, 27 May 1971. During 
the remaining examinations, it 

usually was 7-13% higher than 90 mm Hg. 

The minute volume of blood in all three examinations inflight 
under rest conditions held at the 5.5-6.5 1 level. It was below 5.5  
1 6 of 10 times in the preflight exarnl.nation. 

The systolic blood volume remained stable in flight, which 
correlated with the pulse rate to a greater extent than for G. T. 
Dobrovol'skiy, and it was lower than in a majority of measurements on 
ear . The pulse wave propagation rate along the arteries of V. I. 
Patsdyev held at its lowest level on days 5 and 13 of the 



f l i g h t ;  it somewhat exceesed t h e  
h i g h e s t  v a l u e  recorded on e a r t h  
on day 12. 

I n  d i s t i n c t i o n  from G. T. 
Dobrovol 'skiy and V. I. Patsayev,  
t h e  hernodynamic i n d i c e s  o f  V. N. 
Volkov dur ing  t h e  i n - f l i g h t  examina- 
t i o n s  u s u a l l y  was a t  t h e  l e v e l  o f  
t h e  average  v a l u e s  recorded on 
e a r t h  or  below h i s  minima. Thus, 
h i s  h e a r t  r a t e  was 50 b e a t s  p e r  
minute on day 9. I n  t h e  pre- 
f l i g h t  examinat ion,  i ts  lowest  
v a l u e  was 56 b e a t s  p e r  minute. 
The average  ar terial  p r e s s u r e  
decreased t o  82 mm Hg on day 19. 
I n  a f l i g h t  program examination 

dl 2 
on e a r t h ,  i t - w a s  n o t  once below 
90 mm Hg. The p u l s e  wave pro- 
pagat ion  r a t e  a long  t h e  a r t e r i e s  
had s t i l l  more pronounced devia- 

. 3  .sC' t i o n s .  I t  tu rned  o u t  t o  be 20% 
lower than  t h e  lowest  i n i t i a l  
v a l u e  on days 9 and 19. However, 5' 
t h e r e  were days dur ing  t h e  f l i g h t ,  
when t h e  blood c i r c u l a t i o n  i n d i c e s  

$ 

of  V. N. Volkov reached t h e  
maximum v a l u e s  noted  on e a r t h  o r  

.,---- .- exceeded them. It  was t h e  same 
1 7  I I I  19,111 2; I 11 4 r Y 11,  12 I :  w i th  t h e  minute and s y s t o l i c  blood 
preflight Flight day 

Fig.  25. Blood c i r c u l a t i o n  index 
dynamics of V. I. Patsayev i n  pre- 
f l i g h t  examination and dur ing  
f l i g h t  of Salyut :  d e s i g n a t i o n s  
same a s  i n  Fig. 23. 

volume and p u l s e  wave-propagation 
r a t e  on t h e  4 t h  day of t h e  f l i g h t  
and w i t h  a r t e r i a l  p r e s s u r e  on day 
15. Such an important  blood cir- 
c u l a t i o n  index as t h e  minute 
volume of  blood corresponded t o  / I38 
t h e  i n i t i a l  v a l u e s  t o  a g r e a t e r  
e x t e n t  f o r  V. N. Volkov i n  f l i g h t  

than  f o r  G. T. Dobrcvol 'skiy and V. I. Patsayev,  b u t  h i s  d i d  n o t  once 
decrease  t o  t h e  minimum l e v e l  (3.7 1) observed dur ing  p r e f l i g h t  
examinations. 

The r e s u l t s  of s tudy  o f  t h e  phase s t r u c t u r e  of  t h e  c a r d i a c  c y c l e  
performed 01, t h e  t o p  kinetocardiogram, recorded on d i f f e r e n t  days ~f 
t h e  f l i g h t ,  confirms t h e  conclus ion ,  drawn i n  a n a l y s i s  of  t h e  o v e r a l l  
hemodynamics, t h a t  t h e  s t a t e  of  t h e  blood c i r c u l a t i o n  s t u d i e d  i n  
f l i g h t  under rest c o n d i t i o n s  has  s i n g u l a r i t i e s ,  i n d i c a t i n g  a c e r t a i n  
stress on t h e  funct ion .  The d u r a t i o n  of  t h e  i sovo lumet r i c  cont rac-  
t i o n  phase, dur ing  a l l  s t u d i e s ,  wi thout  except ion ,  was a t  t h e  lowest 



l e v e l  recorded on ea r th ,  o r  0.005-0.010 sec s h o r t e r  (Fig. 26 ) .  
Subsequent shortening of t h i s  phase was noted i n  G. T. Dobrovol'skiy 
and V. N. Volkov on days 16 m d  2 1  of t he  f l i g h t  and, i n  V. I. 
Patsayev, on day 13. 
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Fig. 26. Duration of l e f t  v e n t r i c l e  phases of G. T. 
Dobrovol'skiy (1) , V. N. Volkov ! 2 ) ,  and V. I. Patsayev 
(3)  i n  p r e f l i g h t  examination and during Salyut  space 
s t a t i o n  f l i g h t :  A, isovolumetric cont rac t ion  phase; 
B, b l m d  expulsion phase; C, i ~ ~ t e r p h a s e  index. 

The l e f t  v e n t r i c l e  blood expulsion period changed within  broader 
l i m i t s  and had a tendency t o  shor ten i n  G. T. Dobrovol'skiy and V. I. 
Patsayev; f o r  V. N. Volkov, it equaled t h e  p r e f l i g h t  o r  exceeded it. 
The interphase  index was lower than the  i n i t i a l ,  and it  turned o u t  
t o  b s  s l i g h t l y  higher than recorded on e a r t h  only one time, i n  G. T. 
Dobrovol ' sk iy  . 

Fundamental conclusions can be drawn from a genersl  ana lys i s  of 
t h e  da ta  presented. 



1. Oscillations in the blood circulation indices of all crew 
members, on various days of flight, did not go beyond the limits of 
change in them during preflight examination on earth, in a majority 
of cases. 

2. No changes in blood circulation were found in examination 
of the astronauts under rest conditions, which could have any clear 
connection with increase in length of the orbital station flight. 

3. The effect of the flight factors dces not completely smooth 
out the individual singularities of reactions of the blood circula- 
tion system, characteristic of the body of each astronaut. 

In working out the system of periodic examinations for the Salyut 
space station, togethex with fabrication of the new Polinom-2M 
medical monitoring apparatus, much attention was given to finding a 
functional test, which would make it possible to objectively evalu- 
ate changes in orthostatic tolerance of the astronauts in flight. 
~xtensive experimental research has shown that the functional-test, 
with creation of a negative pressure on the lower half of the body, 
corresponds to the task to the qreatest extent. The chanqes in the 
cardioiascular system arising in this test turned out to he very 
close to those, which are observed in chnzging the body from the 
horizontal position to the passive vertical. 

A vacuum of -60 mm Hg practicall-y coincided with the effect of w' 
the orthostatic tolerance test. However, the reduction in ortho- 
static tolerance of those examined can be decided, with considerably 
lower negative pressures, -27-36 mm Hg. After verification in 
clinostatic kypodynamia and water immersion tests, they were recom- 
mended for conduct of tests of the astronauts, under orbital flight 
conditions. 

The functional test was carried out with the person being examined 
immersed in the vacuum container, to the upper level of the ridge of 
the ilium, in the horj-ontal preflight examination and in the vertical 
position in flight. A vacuum of 27 mm Hg was created inside the /139 

i container in the first two ninutes of the preflight examination and 
36 nun Hg in the next three minutes. After this, the pressure in it 
was equalized with the atmosphere. The functional test was performed 
in flight by G. T. Dobrovol'skiy and V. I. Patsayev on 19 June 1971, 
in day 13 of the flight (Figs. 27 and 28). V. I. Patsayev strictly 
maintained the assigned vacuum conditions, and G. T. Dobrovol'skiy 
created a negative pressure of 30 mm Hg in the first two minutes of 
the cest and 40 mm Hg in the next three mint which was 3-4 m Hg 
higher than the assigned values. 



I n  n e i t h e r  radioconversa-  
t i o n s  conducted dur ing  t h e  

rS . P : . ,(.. . ~ ? . * * . b u  LC- ..a,.. -j.. .,. ... t.. , . . I  . , 2.. * a *  f u n c t i o n a l  t e s t ,  n o r  on subse- 
I .  . . . .. ' . - .: 

quent  days,  nor  i n  e n t r i e s  i n  . . . .. . . . .. t h e  s t a t i o n  log ,  d i d  t h e  a s t r o -  
nau t s  n o t e  a complaint  of 
d e t e r i o r a t i o n  i n  t h e  s t a t e  of 
h e a l t h  dur ing  t h e  p rocess  of 
c r e a t i n g  nega t ive  p r e s s u r e .  
 everth he less, compared wi th  t h e  
hernodynamics i n d i c e s  recorded 
i n  performing t h e  test on e a r t h  
and i n  f l i g h t ,  a  more pronounced 
r e a c t i o n  of t h e  ca rd iovascu la r  
system t o  t h i s  tes t  was found 

@ " i n  f l i g h t .  

A s  i s  e v i d e n t  from t h e  
d a t a  p resen ted  i n  Figs .  29  and 
30, i n  c r e a t i n g  nega t ive  
p r e s s u r e  i n  f l i g h t ,  t h e  d i r e c -  
t i o n  of change i n  t h e  hemo- 
dynamics i n d i c a t o r  remains the / l40  
same a s  on e a r t h ;  however, Che 

- a b s o l u t e  v a l u e s  of  t h e i r  rie- 5.' 
v i a t i o n s  froan t h e  i n i t i a l  va lue  
a r e  more pronounced. 5" 

D The h e a r t  r a t e  of G. T.  
Dobrovcl 'skiy,  i n  performing t h e  
tes t  wi th  n e g a t i v e  p r e s s u r e  i n  
t h e  p r e f l i g h t  p e r i o d ,  was 

1: p r a c t i c a l l y  unchanged o r  in-  
> .  

c r e a s a b y  4-5 b e a t s  p e r  minute. 
. I n  f l i g h t ,  it was h igher  than  

t h e  i n i t i a l  by 9 b e a t s  i n  30 
s e c  of t h e  tes t ,  and a t  2 mint 
by 24-17 b e a t s  p e r  minute. I n  ' 1  t h i s  case ,  d i r e c t l y  be fo re  It c r e a t i n g  n e g a t i v e  p r e s s u r e ,  h i s  

. . h e a r t  r a t e  a l s o  was h i g h e r  than  

Fig.  27.  Tachyoscillogram (1) of  
G. T. Dobrovollskiy and p ressure  
s i g n s  i n  cu f f  ( 2 ) ,  recorded on day 
1 3  of f l i g h t ,  a t  rest ( A ) ,  a t  35 s e c  
(B), a t  2 min 40 s e c  ( C )  , and 4 rnin 
(D) of f u n c t i o n a l  t e s t  , with  nega- 
t i v e  p ressure  on lower h a l f  of  body 
and a t  2 min 30 s e c  (E) of recovery 
per iod .  

on e a r t h .  

Changes i n  o t h e r  blood 
c i r c u l a t i o n  i n d i c e s  of t h e  space- 
c r a f t  commander were more 
pronounced, dur ing  c r e a t i o n  of 
negdt ive  p r e s s u r e  on t h e  13 th  
day of t h e  f l i g h t .  The mean 
a r t e r i a l  p r e s s u r e  decreased 
from 98 t o  86 mm Hg. I n  t h e  
p r e f l i g h t  exarfiination, it 



10 sec 

Fig. 28. Tachyoscillogram (1) of V. I. Patsayev and 
pressure s iyns  in cuff (2) , recorded on day 13 of flight, 
at rest ( A ) ,  at 2 0  sec (B), at 1 min 40 sec (C), ,t 3 n i n  
40 s e c  (Dl and a t  4 min 20 sec  ( E )  o f  f u n c t i o n a l  t e s t  w i t h  
n e g a t i v e  p r e s s u r e  on l o w e r  h a l f  o f  body .  



equaled the initial or increased . 
Q) by 8-10 mm Hg. The minute volume 
4 J C  : of blood decreased by 1.7 1 and E ?  I the systolic, by 37 ml. Their 
a 4J 

,/' m a  ' maximum decreases on earth were /-----L 1.1 1 md 22 ml. The pulse wave 2 3 '  - -  Z<<. - - -------.- 
PC __--c---- ---/--. ,' -: *-.-I propagation rate along the 

ascending aorta, subclavian and 
upper half of the brachial 
artery increased sharply over the 
preflight data. 

The heart rate of V. I. /143 
Patsayev increased by 14 beats : i 
per minute under negative pressure 

I on the 13th day of the flight, 
although his initial pulse rate 
before the test was 15-20 beats 
per minute higher than on earth. 
In two tests during the preflight 
period, the heart rate of V. I. 
Patsayev increased by 7-10 beats 

. ?  

and, in one test (27 May 1971), 
just as in flight, by 14 beats 
per minute. The arterial pressure 
reaction was more marked in $' : 

flight, but it differed by change f 1 
o - in direction from the reaction 
4 ' 1  of G. T. Dobrovol'skiy. As is 
Q)LC I . seen in Fig. 30, the mean pressure 
E C u  - 1  of V. I. Patsayev gradually in- , ".4 $ I , I,\.. creased during decompression and, 
a,@\. f - - =-=- 5-7-----=-- /--- *--. -.:,- \ j --,- -a,=-.- - - during subsequent measurements, d m  ___- ----/ 

2: -+, , ; - , , - ---- 
directly before equalizing the _ { I  * pressure in the vacuum chamber, 

Initial  ~egat ive  Recovery 
data base pressure period it was 18 mm Hg higher than the 

initi~l. His mean pressure also 
Fig. 29. Blood circulation index increased under negative pressure 

[I44 dynamics of G. T. Dobrovol'skiy in on earth, but the absolute 
b 

functional test, with negative figures of increabe in it were not 
over 8-10 mm Hg. The changes in pressure on lower half of body: 

1) on day 13 of Salyut flight; heart rate and arterial pressure 
2) in preflight examination at of the engineer-investigator, 
10:OO a.m. 17 March 1971; 3) in noted during flight, took place 
preflight examination at 2:00 p.m. on a background of reduction of 
17 March 1971; the x-symbolshere minute and systolic blood volume 
and in Fig. 30 show that the data in the first 1-1/2 min, approxi- 
were calculated from pulse wave mately the same as on earth. In 
propagation time to brachial the next 2-1/2 min of the test 
artery. in flight, the minute volume of 



the blood became equal to the . 
" r : l  U 

initial value and again decreased 
a G 
k ..I 

considerably. A somewhat larger 
E ' I  increase in pulse wave propa- /I46 

1> I / /--*. gation rate along the vessels was :; I /  --.- / e- . r -  -, \--. 
Pt 2 --- -/- - - - J -c -- -- . 

d 
. observed in V. I. Patsayev in . j flight than during decompression 

on earth. . 
4 a1 

With negative pressure in the 
lower half of the body, the ampli- 
tudes of kinetocardiogram elements 
connected with expulsion of blood 
from and entry of it into the 
ventricle decreased (Fig. 31). 

. More pronounced changes of 
the cardiac cycle phases developed 

.A 0 
f: s in the astronauts than on earth. 

This is easily seen in Fig. 32, 
0 

, in which the dynamics of the /148 
4 - j lengths of the isovolumetric 

contraction phase and left ventri- 
-.-. . .------- 

cle blood expulsion period and 
I change in the interphase index 

ale: u 5.. 
K t  luring pressure reduction on z.4 ," ' I  the 13th day of the flight and in lr 

322 - i  
I 

, "  . ! 

the preflight period, are 
r., 

,-la ; z=- 
5 0  ,J . .---- &-:>:-= ----____ *---+ 4: 22:- -- presented. 

' 
- < - A X  - --- ---- ..- 

I I min The blood expulsion phase 
Init ia l  Negative Recovery duration or' G. T. Dobrovol ' skiy 

data baee pressure period under flLght conditions decreased 

Fig. 30. Blood circulation index by 28% Over the initial and by 
dynamics of V. I. Patsayev in 6-14% on earth. Coefficient K 
functional test with negative increased by 53% and by 33% on 
pressure on lower half of body: earth. 
1) on 13th day of Salyut flight; 
in preflight examination at 10:OO The in-flight changes of 
a.m. 17 March 1971; 3) same at V. I. Patsayev were very close to 
2:00 p.m. 17 March 1971; 4) in the changes of G. T. Dobrovol'skiy. 
preflight examination 27 May 1971. The blood expulsion phase during 

the functional test with negative 
pressure decreased by 23% in flight, and coefficient K increased by 
54%. During the preflight examination, his expulsion period length 
decreased by 7-15%, and the value of coefficient K increased by only 
16-29%. The increase in length of the isometric contraction phase 
of the left ventricle of V. I. Patsayev, during in-flight decompression 
was more pronounced than that of G. T. Dovrovol'skiy, but, just as 
with him, it remained within the limits noted in conduct of the 
test with decompression on earth. 
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Pig.  31. Change i n  k ine tocard iograms d u r i n g  test  w i t h  
n e g a t i v e  p r e s s u r e  o f  lower h a l f  o f  body o f  G. T. 
Dobrovol 'skiy i n  f l i g h t :  A ,  b e f o r e  test ;  B, l a s t  minute  
of  test. 

A f u n c t i o n a l  test w i t h  p h y s i c a l  workload a l s o  was conducted. 
I n  t h i s  test on e a r t h ,  t h e  a s t r o n a u t s ,  dependin: on t h e i r  we igh t ,  
performed 17-21 s q u a t s  p e r  minute.  V. N. Volkov performed 1 7  s q u a t s  
i n  35 sec on 25 May 1971. Aboard t h e  s p a c e c r a f t ,  he  performed 30 
o r  40 s q u a t s  i n  1 min-1 min 20 scc, ho ld ing  a  rubbe r  s h c l k  a b s o r b e r  
w i t h  25 kg r e s i s t a n c e  i n  each  hand. Assuming t h a t  t h e  s q u a t  ampli-  
t u d e  was 0.5 m, by approxinlate c a l c u l a t i o n s ,  t h e  work performed must 
have f l u c t u a t e d  from 1100 t o  1500 kgm. A s  i s  shown by a n a l y s i s  o f  
t h e  osc i l l og ram,  d u r i n g  a  p h y s i c a l  workload i n  f l i g h t ,  V .  N. Volkov 
performed 30 s q u a t s  i n  40-44 sec on days  4 and 9,  40 s q u a t s  i n  
1 min 17  sec on day 15 ,  30 s q u a t s  i n  5 1  sec on day 16 and 30 s q u a t s  
i n  1 min on day 21. G. T. Dobrovol ' sk iy ,  approximate ly  on t h e  4 th  
day,  performed 30 s q u a t s  i n  1 min, 40 s q u a t s  i n  1 min on dcy 16  and 
35 s q u a t s  i n  54 sec on day 21. 

The s q u a t  test i n  f l i g h t  was lccompanied by more pronounced 
d e v i a t i o n s  of t h e  hemodynamic i n d i c e s  (F igs .  33-38). The h e a r t  r a t e  
recovered  more sl.owly. However, i n  a l l  c a s e s ,  when t h e  dynamics o f  
p u l s e  r a t e  was s u c c e s s f u l l y  fo l lowed,  under  t h e  r e c o r d i n g  c o n d i t i o n s ,  
f o r  a  p e r i o d  o f  2-3 min i n  a  row, it s u c c e s s f u l l y  r e t u r n e d  t o  normal 
du r ing  t h i s  t i m e .  

The d i f f e r e n c e s  can  most o f t e n  be e x p l a i n e d  by t h e  magnitude o f  
t h e  load  o r  performance rate.  The e x t e n t  o f  l oad ing  o f  t h e  crew 
w i t h  c u r r e n t  work and t h e i r  f a t i g u e  apparer - t ly  p layed  a s i g n i f i c a n t  
rcle. I n  any c a s e ,  t h e  p u l s e  r ecove ry  of  V. N. Volkov on 15  June  
19-11 took p l a c e  c o n s i d e r a b l y  f a s t e r  t han  on 10 June  1971, and t h a t  
o f  27 June  i971 ,  f a s t e r  than  t h o s e  of  21 and 22 June  1971. 

The h e a r t  r a t e  dynamics o f  G. T. Dobrovol ' sk iy  a f t e r  l o a d i n g  
a l s o  were p r a c t i c a l l y  i d e n t i c a l  on 10 June  1971 and 27 June  1971. 



Seconds 1 

f"" 

' z 

.7' . . . .  
-2 - ;  1 2 j 4 5 i iMln* - b _ i  i A. & 1 ;Minutes 

~ ~ i t i ~ l  tiegative Recover y X n i t l a l  Negative p.?covery 
- - ~ 

dat&ase  p r e s s u r e  pe r iod  da tabase  p r e s s u r e  pe r iod  

Fig. 32. Dynamics of l e f t  v e n t r i c l e  phasss  of  C', T. 
Dobrovol 'skiy ( I)  and V. I .  Patsayev (11) duril;,; 
f u n c t i o n a l  t e s t  wi th  nega t ive  p r e s s u r e  on lower h a l f  
of body: A,  i sovolumetr ic  con txac t ion  phase; B, 
blood expuls ion  phase; C,  i n t e r p h a s e  index;  1) on 
13 th  day of Sa lyu t  f l i g h t ;  2; i n  p r e f l i g h t  examination 
a t  10:OO a.m. 17 March 1971; 3) same a t  2:03 p.m. 
1 7  March 1971; 4 )  same 25 May 1971. 

A reduc t ion  i n  d i a s t o l i c  a r t e r i a l  p ressure  and an i n c r e a s e  i n  
l a t e r a l  and f i n a l  s y s t o l i c  p ressure  were obsecved i n  V. 11. Volkov, 
a f t e r  physic& workload i n  f l i g h t ,  j u s t  a s  on eart.h. The average 
p ressure  was unchanged o r  decreased.  The minute blood volume s t a y e . ?  
a t  t h e  i n i t i a l  l e v e l  o r  incrzased.  The most a i g n i f i c a n t  i n c r e a s e  
i n  it was observed on t h e  9 th  and 15 th  days of t h e  f l i q h t .  A 
maximum quickening of t h e  pu l se  a l s o  was rzcorded on days 15 anu 16,  
i n  response t o  t h e  workload (by 93-120%). On o r e  of t h e s e  days,  /149 -- 
V. N.  Vclkov performed 4 0  squa t s  and on t h e  o t h e r ,  30, ~ r * ? ' ,  however, 
i n  60, bu t  i n  51 s s c .  Slow?r r e t u r n  t o  normal of  t!le :!..r;;.te blood 
volume took p lace  i n  f l i g h t .  The reduc t ion  i n  djaotc l i t . ,  !..IY,(?. i n c r e a s e  
i n  s y s t o l i c  i - t e x i a l  p ressure  a l s o  turned o u t  t o  be  px;' 1 mged. The 
amplitude of t h e  r e s p i r a t o r y  p ressure  waves jacreased.  



I n  i n t e r p r e t i n g  t h e  tape,  
a b r i e f  increase  i n  h e a r t  rate 
and increase  i n  pressure  could 
be seen, i n  response t o  move- 
ment of t h e  person being ex- 
amined, p a r t i c u l a r l y  wi th  
adjustment of t he  equipment and 
pu l l i ng  up t h e  th igh  cu f f ,  
which could be judged from t h e  
" je rks"  on t h e  oscillograms. 
This  increase  i n  a r t e r i a l  
pressure  apperently took place  
i n  V. N. Volkov, i n  recording 
t h e  i n i t i a l  da ta ,  before  t h e  
physical  workload on t h e  15 th  
day. Judging from t h e  changes 
i n  t h e  tachyoscillogrztm during 
i t s  recording, a l l  t he  pressure  - rr .. ind ices  increased by a minimum . of 20-25 mm H g  and, then,  

. . d e c r e a ~ e d  most quickly. A s  a 
I I  r e s u l t ,  a f a l s e  impressicn was 

c rea ted  of a l a rge  (45-50 mm 
1.3) pressure  drop immediately f 
a f t e r  t h e  physical  workload. 
G. T. Dobrovol'skiy had an 
unusually high a r t e r i a l  pressure  
and xr~inute volume of blood on 

.: ? 
u s  2 - , i 22 June 197- ,  on da -6 of t h e  

f l i g h t  (see  Figs. 22 and 36) . 
30-40 sec  a f t e r  performing the  
t e s t ,  h i s  minimum pressure  

Fig. 33. Tachyoscillogram of V. N. decreased by 16 mm llg, t h e  
Volkov, recorded i n  f l i g h t  minute blood volume increased 
1 0  June 1971, i n  funct ional  t e s t  by 1.6 1 and the  pulse  wave 
with physical  worklcad: I )  before propagation r a t e  on t h e  
physical  workload; 11) i n  f i r s t  a r t e r y  increased by 1 . 4  m/sec. 
minute of recovery period;  numbers By the  6th  minute of t h e  recovery 
a r e  u p p e r  arm cilff pressure indi-  per iod,  t h e  minimum a r t e r i a l  
ca tors  . pressure  remained 8 mm Hg below 

the  i n i t i a l ,  an2 the  minute blood 
volume increased by 4.9 1, i n  comparison with  it. 

The r e s u l t s  of mechanocardiographic study of t h e  blood c i rcu-  
l a t i o n  under a physical  workload f u l l y  confirms the  research da t a  of 
.he card iac  cycle phases i n  these  tests. 

A s  is  evident from Fig. 17, t h e  amplitudes of kinetocardiogram 
elements iriurediacely a f t e r  the  -,vorkload i n  f l i g h t  increased approxi- 
mately 1-1,: - 2 times and returned t o  t he  i n i t i a l  l e v e l  i n  3 min of 
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Fig. 34. Blood circulation ix~dex dynamics of V. N. 
Volkov (A) and G. T. Dobrovol'skiy (B) in functional 
tests with physical workload during preflight examina- 
tion: l), 2), heartrate; 3), 4 )  blood circulation 
minute volume; S ) ,  6)) mean dynamic arterial pressure 
on 17 Narch an3 27 !lay 1971, respectively. 

the recovery period. In preflight examination, changes ic kineto- 
cardiogram amplitudes with this workload were more moderht~ and 
became normal nlore rapidly. In a comparison of the cardiac lycle /150 - 
phase dvnanics after a physical workload, the nore significan': 
shortening of the isovolumetric contraction phase of the left 
ventricle, especially the period of expulsiori ~f blood by it. than 
in the preflight examination, attracts attention (Fig. 3 8 ) .  

In one test w ~ t h  a physical workload, conducted with G. T. 
Dobrovol'skiy before the flight, the isovolumetric contraction phase 
was unchanged at the end of the first minute of the XecoLery perio6 
and, in another test, it decreased by 10%. On days 4, 9, 16 and 21 
of the flight, it increased by 11% each time and by 203 one tlme. 
The blood expulsion period in the preflight examination dec.~-eased 
or increased by 3-4%. The change in it inflight was the same as that 
of the isovoiumetric control action phase, but it was not of a 
pro.jressive nature, connected with increase in flight duration; 
rather it was very much larger (13-208). The change in cardiac 
cyclo phase structure of V. N. Volkov after physical workload in 
flight was of ; similar nature; the isovo~umetric contraction phase 
of the left ventricle decreased on days 4 and 15, by 208, by 10% /151 
on days 16 ~ n d  21; it did not chanqe on day 9. In the preflight 
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Fig. 35. Blood c i r c u l a t i o n  index d:.~amics of V. N. 
Volkov i n  f u n c t i o n a l  test  wi th  p h y s i c a l  workload 
dur ing  f l i g h t  of  S a l y u t  space s t a t i o n :  A, l ) ,  2)  
h e a r t  r a t e ;  3 ) ,  4 )  blood c i r c u l a t i o n  minute volume; 
51, 6)  mean dynamic a r t e r i a l  p r e s s u r e  on days 4 and 
9 o f  f l i g h t ,  r e s p e c t i v e l y ;  B, 1) h e a r t  r a t e ;  
3) blood c i r c u l a t i o n  minute volume; 5)  mean dynamic 
a r t e r i a l  p r s s s u r e  on day 15 of f l i g h t ;  2 ) , 7 )  hea.rt 
r a t e  on days 16 and 2 1  o f  f l i g h t ;  a s t e r i s k s  he re  and 
i n  Fig.  36 show t h e  minute volume, determined by 
incorpora t ion  of t h e  p u l s e  wave v e l o c i t y  t o  t h e  
b r a c h i a l  a r t e r y  i n t o  t h e  Bremser-Rank formula; two 
a s t e r i s k s  i n d i c a t e  quickening of  h e a r t  b e a t .  con- 
nected  w i t h  a d j - ~ s t m e n t  of  equipment. 

examination, it remained a t  t h e  i n i t i a l  l e v e l  one t ime,  b u t  it 
decreased by 16% ano the r  t i m e .  The blood expuls ion  pe r iod  i n  f l i g h t  
decreased by 11-198, by t h e  end of t h e  f i rst  minute of t h e  recovery 
per iod;  dur ing  examination on e a r t h ,  it decreased o r  inc reased  by 4 % .  

I n  analyzing t h e  r e s u l t s  of  p e r i o d i c  s t u d i e s  of  t h e  blood 
c i r c u l a t j o r  wi th  t h e  Polinom-2M appara tus ,  w e  cons ide r  it necessary 
t o  stress t i . e i r  p re l iminary  na tu re .  This  is  expla ined by both  t h e  
r e l a t i v e l y  smal l  amount of d a t a  obta ined and by t h e  e r r o r s  committed, 
f o r  e x a t g l e ,  i n  de terminat ion  of  t h e  blood flow r a t e .  The phys ica l  
workload magnitude was n o t  s t r i c t l y  r egu la ted  i n  f l i g h t ;  a  t e s t  w i t h  
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Fig. 36. Blood c i r c u l a t i o n  index dy1,;unics of  G. T. 
Do t rovo l t sk iy  i n  peri.2rming f u n c t i o n , i l  t e s t  w i t h  
p h y s i c a l  workload i n  f l i g i ~ t  of Sa lyu t  space  s t a t i o n :  
l ) ,  2 ) ,  3) h e a r t  r a t e  on 4 th ,  16 th  and 2 1 s t  day of 
f l i g h t ;  4 )  blood c i r c u l a t i o n  minute volume; 5 )  mean 
dynamic a r t e r i a l  p r e s s u r e  on 1 6 t h  day of f l i g h t .  

nega t ive  p r e s s u r e  on t h e  lower h a l f  of t h e  body was on ly  performed 
once. These s t u d i e s  w i l l  be  cont inued and, on ly  upon accumulation 
of cons iderably  mo-e m a t e r i a l ,  can a  mre  complete conclus ion  be 
made. 

Three q u e s t i o n s  deserve  t h e  g r e a t e s t  a t t e n t i o n :  

1. To what e x t e n t  a r e  t h e  changes i n  blood c i r c u l a t i a n  recorded 
i n  f l i g h t  s p e c i f i c  f o r  t h e  e f f e c t  of  we igh t l e s sness  and t o  what 
e x t e n t  do they co inc ide  wi th  o r  d i f f e r  from d a t a  ob ta ined  i n  simu- 
l a t e d  we igh t l e s sness  on e a r t h ?  

2. Is f u r t h e r  chanse i n  t h ~  cond i t ion  of t h e  a s t r o n a u t s  observed. 
i n  p ropor t ion  t o  i n c r e a s e  i n  f l i g h t  t ime? 
and can o b j e c t i v e  c r i t e r i a  of o r t h o s t a t i c  
found? 

o f  what do they  c o n s i s t ,  
t o l e r a n c e  i n  f l i g h t  be 

3. A r e  t h e  methods and f u n c t i o n a l  tests used i n  f l i g h t  adequate 
t o  answer t h e s e  q u e s t i o n s ,  and what p roposa l s  can be made f o r  improve- 
meat of methcds of  examiaing t h e  crew i n  subsequent f l i g h t s ?  

T t  i s  r i g h t  t o  a sk  t h e s e  q u e s t i o n s  f o r  t w o  r e a ~ d n s .  F i r s t ,  t h e  
f l i g h t  or' the S a l y u t  space  s t a t i o n  crew was longer  than  a l l  t h e  
preceding ones. Second, equipment, p e r m i t t i n g  t h e  crew t o  c a r r y  out/153 
t h e  most ex tens ive  s t u d i e s  of  t h e  blood c i r c u l a t i o n  system, compared 
w i t h  those  performed e a r l i e r ,  was i n s t a l l e d  aboar6 t h e  s t a t i o n .  



Fig.  37. Kinetocardiogram c f  V. N. Volkov, recorded i n  
f l i g h t  22 June 1971 dur ing  f u n c t i o n a l  test  wi th  p h y s i c a l  
workload: A,  be fo re  workload; B, a t  5 s e c ;  C ,  a t  1 min- 
u t e ;  D, a t  3rd minute o f  recovery p e r i o d .  

Analysis  of t h e  d a t a  of t h e  p e r i o d i c  medical examinations l e a d s  
t o  concluding t h a t ,  under rest c o n d i t i o n s  i n  f l i g h t ,  t h e  changes i n  
?. number of blood c i r c u l a t i o n  i n d i c e s  are s i m i l a r ,  i n  some ways, t o  
t h e i r  2ynamics i n  prolonged c l i n o s t a t i c  hypodynamia. 

.Tor comparison, t h e  r e s u l t s  of s tudy of blood circulation wi th  
t h e  Poli~~om-2M appara tus ,  on va r ious  days of an experiment ,  wi th  a 
30-day st.ay of t h e  s u b j e c t s  ~ n d e r  s t r ic t  b e d r e s t c o n d i t i o n s ,  w i t h  
t h e  head end of t h e  bed i n c l i n e d  4' below t h e  h o r i z o n t a l  l i n e ,  a r e  
p resen ted  i n  Ffg .  39. c 

According t o  d a t a  i n  t h e  l i t e r a t u r e ,  as a r u l e ,  i n  c l i n o s t a t i c  
hypodynamia experiments ,  t h e  p u l s e  y u i c ~ e n s ,  t h e  a r t e r i a l  p r e s s u r e  
and tonus  of t h e  v e s s e l s  i n c r e a s e s  and t h e  s y s t o l i c  and minute volumes 
of t h e  blood decrease .  



seconds 
t ' , ~ ~ , , ' {  

seconds V. 13. Voutov 
O,,,I,{ B B 

!.. l ! l  27 \' I I(; 21 i ,  2 :  .I ' t " i; i t )  ,. 
Preflight Fl ight  day Preflight Flight day 

Fig. 38 .  Durati-on of  l e f t  v e n t r i c l e  phases of  G. T. 
Dobrovcl 'skiy and V. N. Volkov &wing f u n c t i o n a l  test 
wi th  ~ h y s i c a l  workload: A ,  i sovolumetr ic  c o n t r a c t i o n  
p h a s e  B, blood expuls ion  phase; 1) before  p h y s i c a l  
workload; 2 )  10- 20 s e c  of  recovery per iod .  

I n  s imula t ing  we igh t l e s sness  on e a r t h ,  i n  c a s e s  o f  two s u b j e c t s  
(S and N )  p resented ,  a quickening of t h e  p u l s e  was observed on t h e  
9th-10th day, and t h e  p u l s e  of  one (K) d i d  n o t  change no t i ceab ly .  
The a r t e r i a l  p r e s s u r e  and pu l se  wave propagat ion  r a t e  a long t h e  
a r t e r i e s  of a l l  t h r e e  s u b j e c t s  increased.  The minute and s y s t o l l c  
blood volume had wave-like dynamics, wi th  a not;ceable tendency to  
i n c r e a s e ,  on days,  when t h e  examination preced,d conduct of a 
f u n c t i o n a l  tes t  w i t h  nega t ive  p r e s s u r e  (days 9 ,  16, 21 and 2' of  
hypodynamia). 

I n  f l i g h t ,  a s  has  a l r eady  been noted ,  t h e  minute blood volume 
was gre8ater  than i n  t h e  p r e f l i g h t  per iod .  By c o n t r a s t ,  t h e  p u l s e  
wave propagation r a t e  was more o f t e n  a t  t h e  l e v e l  of  i t s  minimum 
val l les  on e a r t h  o r  below them. Only two records  were except ions :  
tsase of G. T. Dobrovol 'skiy on days 4 and 1 3  and of V. I. katsayev 
on day 12. It  must be kept  i n  n ind  he re  t h a t ,  i n  t h e  p r e f l i g h t  
examination, t h e  p u l s e  wave propagat ion  r a t e  was recorded more o f t e n ,  
i n  t h e  s e c t i o n  from t h e  oripin of t h e  a o r t a  t o  t h e  upper one- 
t h i r d  of  t h e  femoral a r t e r y ,  b u t ,  i n  f l i g h t ,  from t h e  xigin of the 
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Fig. 39. Blood c i r c u l a t i o n  index dynamics i n  30-day 
c l i n o s t a t i c  hypodynamia of s u b j e c t s  S (1) , N ( 2 )  and K (3)  . 

a o r t a  t o  t h e  middle of t h e  b r a c h i a l  a r t e r y ,  i .e.,  i n  v e s s e l s  conta in-  
i n g  more muscle elements.  Thus, it would be  more l o g i c a l  t o  expect  
t h e  r e v e r s e  r e l a t i o n s h i p :  an i n c r e a s e  i n  pu l se  wave propagat ion  r a t e  
along t h e  a r t e r i e s  i n  f l i g h t .  F i n a l l y ,  t h e  broader  ampli tude of 
f l u c t u a t i o n s  of  some b l sod  c i r c u l a t i o n  i n d i c e s  i n  f l i g h t ,  than  i n  the 
s imula ted  experiments ,  cannot  f a i l  t o  be no t i ced .  Thus, t h e  py-lse 
wave propagation r a t e  of G. T. Dobrovol 'skiy on days 4 and 13 c- the 
f l i g h t  were 35% higher  than  t h e  i n i t i a l  and 25% lower on day 16. 



The difference between days 4 and 13 and day 16 was 44.5%. Comparing 
days 13 and 16, thz average pressure was 21% higher. The average 
pressure of V. I. Patsayev on day 13 was lower than on days 12 and 5, 
by 20.5 and 22.5%, respectively. In turn, the pulse wave propagation 
rate Dn day 12 proved to be 42.5 and 49L higher than on days 13 and 
5. The pulse wave propagation rate along the arteries of V. N. Volkov 
was 49% higher on day 4 than on day 9. The average pressure was 
34% higher on day 15 than on day 19. 

In model experime~.Ls, the difference in pulse wave propagation 
rate along the arteries usually was 6-8% and 27%, in individual 
cases. The divergence between the values of the average pressure 
recorded on different days was 6-14% and, on only one day, it was 
20%. However, in our opinion, it would be incorrect to attribute [I54 
the changes in blood circulation state in flight to the effect of 
prolonged weightlessness alone. The crew performed a saturated 
program 02 scientific experiments. This, like the quite high back- 
ground of emotional stress characteristic of space flights, could not 
fail to be reflected in the functioning of the cardiovascl.:ar system 
and to affect the dynamics of its indices. 

Data are presented in Flg. 40, on changes in the isovolumetric 
contraction phase of the left ventricle and the blood expulsicn phase 
of it, in subjects under clinostatic hypodynamia. If Fig. 40 is 
compared with Fig. 26, the difference becomes obvious. .. : $3 

In the flight of the Salyut space station, the isovolumetric I." 
contraction phase of V. N. Volkov shortened by 16.5-25%, that of 
V. I. Patsayev by 9-18.5%, and that of G. T. Dobrovol'skiy was un- 
changed on days 4 and 9; it was 10% less than the initial on the 
13th, 16th and 22nd days. Tie blood expulsion yhase of V. N. Volkov 
at rest either equaled the preflight or was 3.5-9.5% less than it, 
that of G. T. Dobrovol'skiy was 8.5-13.5% less and that of V. I. 
Patsayev, 10--13.5%. As a result, the interphase index K of V. N. 
Volkov decreased by 9-25.5%. That of G. T. Dobrovol'skiy was equal 
to the preflight or exceeded it by 4.5-11.5% and that of V. I. 
Patsayev exceeded it by 3.5-5.5%. 

In similar recordings during madel experiments, the isovolumetric 
contraction phase was lengthened by 10-20% and, sometimes, by 20-30%/155 - 
the blood expulsion phase remained equal to the initial c -  decreased 
by 7-10% and e77c.0 vy 14-17%. As a consequence of this, the inter- 
phase index K : ,zased by 10-2C and eT..?n by 40-50%. 

In model experiments, the change in cardiac cycle phases was 
extremely stable, and it does not disappear during use of such 
prophylactic means for hypodynamia as physical training, occlusion 
cuffs ~ n d  pharmacological preparations. It seemed as though thic 
change should develop in flight. and wculd be a aost reliable indicator 
of the effect of weightlessness. However, this hypothesis was not 
validated. Thus, this question requires further study. 
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Fig. 40. Left ventricle phase duration in 30-day 
clinostatic hypodynamia of subjects S(l), N ( 2 )  and 
K (3) : A, isovolumetric contraction phase; 8, blood 
expulsion phase; C, interphase index. 

Together with materials indicating incomplete coincidence of 
the dynamics of the individual blood circulation illdices in flight 
and in the simulated effect of weightlessness on earth, the crew of 
the Salyut space station alsc obtained data, demonstra ing the 
presence of a great similarity between them. This mainly concerns 
the reduction in orthostatic tolerance, which is manifested in poorer 
tolerance of the functional test with negative pressure on the lower 
half of the body. The dynamics of the basic blood circulation 
indicators of station commander G. T. Dobr~vol'skiy and engineer- 
investigator V. I. Patsayev had the same direction in this test on 
the 13th day of flight, as in the preflight examination and execu- 
tion of decompressi3n in the model experiments. However, the /156 
absolute value of the change in blood circulation in f!ight was more 
pronounced. It must be thought that these changes are connected with 
the direct effect of weightlessness. At the same ' ,-, the super- 
imposition of the weakening effect of fatigue on - # .  xamination day 
is possible. 

The dyn,mics of arterial pressure and minute volume of blood 
deserve particular attention. It is known that, in conducting an 
orthostatic test and limiting the return 3f blood, by means of 
evaccatio? of a vacuun, chaml;er, the minute volume of blood can de- 
crease considerably.(P. V. Euyanov, N. V. Pisarenko, 1968; Wolthuis, 



e t  a l . ,  1970).  The a r t e r i a l  p r e s s u r e  e i t h e r  i n c r e a s e s  somewhat o r  
remains unchanged from t h e  i n i t i a l  l e v e l  i n  t h e s e  tests. Preser -  
v a t i o n  of t h e  a r t e r i a l  p r e s s u r e  l e v e l  o r  an i n c r e a s e  o f  it f a v o r s  
c o n s t r i c t i o n  of  t h e  t o t a l  lumen of r e s i s t a n t  v e s s e l s  and quickening 
o f  t h e  pu l se ,  which always accompanies t h i s  a c t i o n .  

A gradual  r educ t ion  of t h e  average a r t e r i a l  p ressure  of  G .  T. 
Dobrovol 'skiy began dur ing  conduct of t h e  test ,  a t  t h e  end of t h e  
second week of t h e  f l i g h t .  I t  occurred  on a backgraund of quicken- 
i n g  of  t h e  pu l se ,  i n  a pe r iod  when t h e  minute volume of blood 
s t a b i l i z e d  a f t e r  a p re l iminary  dec rease  and ever, inc reased  r e l a t i v e l y .  
This  d i r e c t i o n  of  change can be connected wi th  i n s u f f i c i e n c y  of t h e  
r e a c t i o n s  of t h e  a r t e r i o l e s  t o  t h e  sympathet ic  nervous system (V. A. 
Degtyarev, V. M. Khayutin, 1971).  

According t o  hemodynamics resea rch  d a t a ,  V. I. Patsayev 
t o l e r a t e d  t h e  f u n c t i o n a l  tests wi th  nega t ive  p r e . s u r e  i n  f l i g h t  
b e t t e r  than  G. T. Dobrovol 'skiy. However, a more s i g n i f i c a n t  in-  / I57 
c r e a s e  i n  a r t e r i a l  p r e s s u r e  was recorded i n  him dur ing  decompression 
than on e a r t h .  and more pronour,:ed o s c i l l a t i o n s  of t h e  minute volume 
o f  blood w e r e  noted ,  which cannot Se eva lua ted  favorably .  The change 
i n  c a r d i a c  cyc le  phase under nega t ive  p r e s s u r e  i n  f l i g h t  was expressed 
more s t r o n g l y  than on e a r t h ,  and it was almost  i d e n t i c a l  i n  both  
a s t r o n a u t s .  A comparison of t h e s e  d a t a  with t h e  r e s u l t s  of model 
experiments  i n d i c a t e s  t h a t  j u s t  a s g r e a t  changes i n  t h e  b a s i c  c a r d i a c  ;i 
c y c l e  phases and i n t e r p h a s e  index K a r e  observed i n  persons wi th  u' : 
reduced t o l e r a n c e  of o r t h o s t a t i c  e f f e c t s  (Figs .  4 1  and 4 2 ) .  

Thus, t h e  s t u d i e s  o f  blood c i r c u l a t i o n  performed by t h e  crew of 
v t h c  Sa lyu t  space s t a t i o n  cons iderably  extended e x i s t i n g  concepts  of 
*-. t h e  e f f e c t  of prolonged space f l i g h t  on t h e  human body. They demon- 

s t r a t e d  t h a t ,  i n  d i s t i n c t i o n  from t h e  c l i n o s t a t i c  hypodynamia, a more 
pronounced tendency is chserved i n  f l i g h t ,  under r e s t  c o n d i t i o n s ,  
towards an i n c r e a s e  i n  minute volume of t h e  blood and a decrease  i n  
pu l se  wave propagation r a t e .  The i n d i v i d u a l  blood c i r c u l a t i o n  i n d i c e s  

/' had l a r g e  amplitude f l u c t u a t i o n s  on v a r i o u s  examination days;  
p r a c t i c a l l y  no i n c r e a s e  i n  i sovo lumet r i c  c o n t r a c t i o n  pe r iod  was noted. 

A f t e r  phys ica l  workloads, a slow recovery o f  t h e  h e a r t  r a t e ,  
a r t e r i a l  p ressure  and minute volume o f  t h e  blood were revealed .  I n  
t h i s  case ,  t h e r e  was an  inc reased  r e a c t i o n  t o  t h e  f u n c t i o n a l  tes t  
wi th  nega t ive  p r e s s u r e  on t h e  lower h a l f  of  t h e  body. 

Trans ien t  f a c t o r s ,  such a s  emotional s t r e s s  of t h e  a s t r o n a u t s ,  
i n s u f f i c i e n t  rest, e t c . ,  may p lay  a s i g n i f i c a n t  r o l e  i n  t h e  q e n e s i s  
of t h e  changes noted i n  s t a t e  of t h e  ca rd iovascu la r  system. 
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Fig. 41.  Duration of l e f t  v e n t r i c l e  phases of sub jec t  
S with low o r t h o s t a t i c  to le rance  (I) and K wi th  high 
o r t h o s t a t i c  to le rance  (11) i n  func t iona l  t e s t  with 
negative pressure before  hypodynamia ( I )  and a t  end of 
2nd week of c l i n o s t a t i c  hypodynamia ( 2 ) :  A ,  i so-  
volumetric cont rac t ion  phase; B, blood expulsion phase; 
C ,  in terphase  index. 
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Fig. 42. Duration of left ventricle phases of subject 
Sh I and Ni (11) during physical workload in 30-day 
clinostatic hypoclynamia tests: A, isovolumetric con- 
traction phase: B, blood expulsion phase; 1) before 
physical workload; 2) 20-30 sec of recovery period. 



5. Resp i ra t ion ,  Resp i ra to ry  M ~ t a b ~ l i s i n  
and Energy Consumption Under 

5 Weightless  Condit ions 
i The p rospec t s  of f u r t h e r  growth of long space f l i g h t s a r e  being 

determined t o  a  g r e a t  e x t e n t  by t h e  pe rmiss ib le  d u r a t i o n  of t h e  
e f f e c t  of we igh t l e s sness  on t h e  h w z ?  body. 

Study of  t h e  e f f e c t  of prolonaed weight lessnees  on t h e  human 
body, q u e s t i o n s  of a d a p t a ~ i o n  t o  t h e s e  c o n d i t i o n s ,  a s  w e l l  a s  t h e  
course  of r e a d a p t a t i o n  upon r e t u r n  of  an a s t r o n a u t  t o  e a r t h  a r e  
inseparab ly  bound t o  t h e  n e c e s s i t y  f o r  s tudy of  t h e  d y a m i c s  of 
metabol ic  processes .  I n  t h i s  a r e a ,  t h e  most g e n e r a l  s c i e n t i f i c  and 
p r a c t i c a l  d a t a  on t h e  f u n c t i o n a l  s t a t e  of  t h e  body and t h e  s h i f t s  
t ak ing  p l a c e  i n  it under we igh t l e s s  c o n d i t i o n s  can be given by s tudy 
of t h e  r e s p i r a t o r y  metabolism, a s  an i n t e g r a l  index of t h e  changes 
t a k i n g  p lace  i n  t h e  body. Knowledge of t h e  averaqe Si.'!--?g*ii con- 
s 'mpt ion  and carbon d iox ide  d i scharge  and ca lcu la t . , o -  c.;t t h e  energy 
consumption i n  . e r f o ~ m i n g  one job o r  ano the r  make? j +  p o s s i b l e  t o  
s o l v e  problems, connected wi th  l i f e  suppor t  of lop  ; iAghts  i n  spacs- 
c r a f t  and o r b i t a l  s t a t i n s .  Among t h e s e  problems a r e :  

--CreatLon of t h e  optimum gaseous environment, both i n  t h e  
c a b i n s  of  f l i g h t  v e h i c l e s ,  where man wil l .  be a  p z r t  of a  c losed  m a t t e r  
cyc le  (0. G. Gazenko, !962;  V. I. Yazc'~vskiy, N.  :' 3isaLyan, 1362) 3 
and i n  s p a c e s u i t s ,  dur ing  work of a s t r o n a u t s  i n  space (I .  I. Kas'yan, k 
e t  a l . ,  1969, 1971) ;  

--Development of e f f i c i e n t  e a t i n g  schedules  and p rov i s ion  of /158 
t h e  nmcessary fouds to res ,  based on energy c ~ n s m p t i a n ;  

- - P r e s e r v a t i ~ n  of t h e  h e a t  ba lance  of t h e  human body a t  t h e  
optimum l e v e l ,  e n s u r i c g  long-term r e t e n t i o n  of  e f f i c i e n c y ,  e s p e c i a l l y  
dur ing  work i n  a  spacesuj  t ,  e tc .  

The s t a t e  of e f f i c i - n c y  and o< ;:eadiness of an a s t r o n a u t  t o  
r e t u r n  t o  increased g r a v i t ~  c o n d i t i c ~ n s  ( i .e . ,  a f t e r  prolonged weight- 

i l e s s n e s s  t o  e a r t h  c o n d i t i o n s )  can be d ~ c i d e d ,  from t h e  r e s p i r s + o r y  
metabolism dynamics i n  a  proport ione 'd p h y s i c a l  workload ( G .  F. 
Makarov, 1967 ' .  Consequently,  s tudy of t h e  f u n c t i o n a l  cond i t ion  of 
e x t e r n a l  r e s p i r a ~ i o n ,  r e s p i r a t o r y  mltabolism and energy consumption 
of  a  man, dur ing  a  long s t a y  under wa igh t l e s sness ,  has  e x c e p t i o n a l l y  
i n p o r t a n t  t h e x e t i c a l ,  p r a c t i c a l  an3 p roqngs t i c  ao iue  For space 
medicine. \. 

The r e s p i r a t i o n  i n d i c e s  of a  man ~ inder  w e i g h t l e s s  
c o n d i t i o n s  have been s t u d i e d  by both  S o v i e t  and f o r e i g n  i n v e s t i g a t o r s ,  
beginning wi th  t h e  f i l s t  f l i g h t  of man i n  space.  Fihi:'.e :.5ere a l r e a d y  
a r e  some i d e a s  of t h e  change i n  r e s p i r a t o r y  r s t e c  9:; rhythm and t h e  
s t r u c t u r e  of t h e  r e s p i r a t o r y  cyc le  unddr prolonge?. w c f g h t l e s c n e s ~ ,  



we have available very limited infomation on the indicators 
characterizing respiratory metabolism rates and the energy consump- 
tion level in various types of activity under weightlessness, 

Research conducted by G. F. Makarov (P. K. Isakov, et al., 1964), 
during flights of man in an aircraft along a Kepler parabola, have 
shown that pulmonary ventilation increases noticeably and the oxygen 
consumption and energy consumption increase in brief weightlessness, 
In subsequent work (I. I. Kas'yan, et al., 1967, 1969, 1971), an 
increase in metabolic process rates under conditions of brief weight- 
lessness was noted, not only in a sT.ate of relative rest, but in 
performing proportioned physical workloads and various working tasks. 

Correlated data on the functional state of respiration, 
respiratory metabolism and energy consumption of a man under weighty 
less concitions (brief, reproduced in an aircraft), in orbital flights 
lasting from 3 to 18 days, as well as in simulation of certain con- 
ditions of weightlessness (water immersion, weightlessness test 
stand), are presented in this section. Studies of respira- 
tion, respiratory metabolism and energy consumptio:, have been carried 
out, depending on conditions, using methods permitting comparable 
results to be obtained (I. I. Kas'yan, et al., 1969). The studies 
were carried out, both at rest and while performing various propor- 
tioned physical workloads. 

In parabolic aircraft flights, as well as in all experiments 
with simulated weightless conditions on earth, study of respiratory 
metabolism was carried out by the Douglas-Holden method. In 
orbital flights and in studies under conditions of brief weightless- 
ness (comparatively) small-size instruments were used -- spiroanemom- 
eters, having adapters for collecting exhaled air into special sealed 
burettes (for subsequent analysis in the Holden apparatus). 

The respiratory metabolisn, indicators (minute volume of respira- 
tion, oxygen consumpt on, carbon dioxide discharge) were converted 
into the STPD system,' and the respiration volumes (pulmonary 
ventilation, vital capacity of the lungs, inhalation and exhalation 
volumes), to the BTPS system. 

~STPD, BTPS are the international standard conditions for cal- 
culation of energy consumption and volumes. 



TABLE 40 

RESPIRATORY METABOLISM AND ENERGY CONSUMPTION INDICES OF 
SULJECTS AT REST IN BRIEF WEIGHTLESSNESS, OBTAINED BY 
USE OF DOUGLAS-HOLDEN AND SPIROANEMOMETRIC METHODS 

Subject 

I 
Shch 
Shch 
Shch 
D 
B 

Studies by Douglas-Holden Method 

Study with Spiroanenmmeter 

V 
Gn 
Gv 
9 
A 
K 
K 
A 
1C 

mean 
I ~ ~ - ~ ~ ~ I  I I +I34 I I 1 + 1 0 9 I  I 1+19.0 

274 
254 
330 
327 
214 
233 
230 
256 
366 

306 
432 
549 
465 
325 
431 
252 
283 
546 

4-32 
+I78 
+-219 
+238 
i l l 1  
+201 + 22 
+ 2 7  
-ti80 

254 
403 
430 
343 
295 
354 
184 
197 
463 

228 
194 
228 
204 
208 
211 
174 
191 
304 

+ 9 . 6  
+5.i.T 
i64 .X  
-cb4 8 
139.1 
-56.4 
+ 6.0 
t 6.6 
Sii2.11 

+ 2 6  
+209 
+202 
+I39 
+ 87 
+I43 
+ 10 
+ 6 
+159 

' 79 .11  118.7 
72.6'128.3 
92.3113.2 
67.2 132.0 
64.2 / 96.5 
69.0 1125.4 
65.1 ; 71.4 
73.2 1 79.8 

106.2 159.0 



Effect of Brief Weightlessness 

Research results obtained in parabolic aircraft flights show 
that, during brief weightlessness, a significant (by all methods use 
increase in rate of respiratory xetabolism processes was observed in 
all subjects, both compared with data obtained on earth before the 
flight and with respect to respiratory metabolism indices in the 
horizontal portion of the flight. Thus, the minute consumption of 
oxygen in the brief weightlessness period exceeded the initial data 
by 22-238 ml/min, and the energy consumption of the subjects in a 
state of relative rest was 6-88 kcal/hour greater (Table 401,  

The respiration indices under brief weightlessness 
(respiration rate, vital capacity of the lungs, pulmonary ventilation) 
were also above the initial ones (Table 41). Thus, the respiration 
rate in brief weightlessness increased by 18% on the average, pul- 
monary ventilation by 44% and vital capacity of the lungs by 10%. It/160 - 
also was revealed that the structure of the respiratory cycle changes 
in brief weightlessness; the ratio of the inhalation and exhalation 
phases changes. 

TABLE 41 

CHANGE IN RESPIRATION INDICES OF SUBJECTS AT 
REST IN UIFFERENT SECTIONS OF PARABOLIC FLIGHT 

 light Section &f ~JRespira- 3- & f k e ~ ~ i  'V t fm(~.r 1 cape f ty 
Horizontal (Mb) 
In weightlessness (-1 

A similar regularity was disclosed (V. I. Sokolkov, et al., 
1971) in subjects at rest, under water immersion conditions lasting up 
to 18 hours (Table 42). Thus, pulmonary ventilation in a two-hour 
water immersion of the subjects increased by 9.8% on the average, and 
by 13.4% after 18 hours, compared with the initial data base (in the 
horizontal position before immersion); the oxygen consumption increased 
during the same times by 18.4 and 16.9%, and the energy consumption 
increased by 19 and 17.5%, respectively. Similar changes in respira- 
tory metabolism of immersed subjects are noted by other authors 
(N. Ye. Panferova, et al., 1968; Ye, Ye. Bulenkov, et al., 1968; 
Wessler, et al., 1959; Howard, et ale, 1967). 

The program of conquest of space and the nearest planets contem- 
plates, together with extensive introduction of automation, the use 
of manual labcr of an astronaut, for example, in assembly-disassembly 
work. In this respect, the question arises as to the energy consumption 



TABLE 42 

RESPIRATORY METABOLISM AND ENERGY CONSUMPTION DYNAMICS 
OF WATER IMMERSION SUBJECTS (data of V. I. Sok.olkov, et 
al. , 1971) 

Condition 
-- 

in performing one work task or another, planned by the flight program. 

Before immersion 
( \I ? 111 ) 

(112m)  
( S l t n i )  

1 (\I k m) 

Many investigators think that considerably longer time and 
larger energy consumption is required to perform any work under 
weightless conditions, than under earth ccnditions. This is con- 
firmed by the experimental simulation of weightlessness under ground 
conditions and during performance of work by astronauts in orbital 
flights (P. K. Isakov, Stasevich, 1962; P, K. Isakov, et al., 1964; 
I. I. Kas'yan, et al., 1967, 1969, 1971; Armstrong, 1953; Beckh,1958). 
Together with this, in the opinions of a number of authors, energy 
consumption by man under weightless conditions will be less than 
under earth conditions (V. N. Chernov, V. I. Yakovlev, 1958; A. M. /161 
Genin, et al., 1965; Henry, et al., 1952). 

As research on respiratory metabolism in Kepler parabola air- I 

craft flights which we have conducted have shown, performance of 
proportioned physical workloads and individual working tasks by 
subjects under brief weightlessness requires higher energy con- 
sumption than the same work, perfomed in the horizontal section of 
a flight or on earth (Fig. 43). ThtA,, in performing a proportioned 
physical workload (work with an expander of 100.8 kP), the oxygen 
consumption, while working under weightless conditions, increased by 
185 ml/min on the average (compared with the indices obtained during 
work in the horizontal section of the flight), and the energy con- 
sumption in this period increased by 55 kcal/hour; in performing 
individual working tasks, the oxygen consumption and energy conswnp- 
tion in weightlessness increased by 291 ml/min and 83.4 kcal/hour, ) 

respectively. 

In the work of subjects in special equipment, the changes in 
indices of respiration, respiratory metabolism and energy 
consumption in brief weightlessness were still more pronounced. 
In this case, the respiration rate increased especially sharply. In 
this pericd, it varied from 29.221.55 to 31.221.50 cycles per minute 
(Table 4 3 )  . 

78.0t2.4 
93.021.7 
91.111 2.7 
91.842.1 

I I 
12.7k0.48 6.lf-tO.20 
13.9k0.64 6.78+0.17 
14.620.67 6.63-fr0.20 
14.5k0.66 6.9950.23 I 

374.4--11.3 
324.5*:h.6 
321?9.6 
320.-7.4 
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n n a  nRm n~lr_ 2i] Pulmonary ventilation 
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I- 

zsa] Energy consumption 

Fig. 43. Respiratory metabolism 
indices of subjects in state of 
rest and while working during 
parabolic flight in aircraft: 
I, at rest; 11, while perform- 
ing measured physical workload; 
111, in performing working tasks; 
1) horizontal section of flight; 
2) weightlessness; 3) after 
flight. 

Considerable individual 
fluctuations in the respiratory 
metabolism indices ntust be noted, 
in performance of the identical 
physical workload in brief weight- 
lessness. Even in the same 
subject, the energy consumption 
changed from one "hump" to another 
and from one flight to another. 
Thus, for example, the oxygen 
consumption of subject S, in 
working in normal clothing under 
weiqntless conditions, was higher 
than in the horizontal secti~n 1162 - 
by 227 ml/min and, in performing 
the same work in special equipment, 
by 533 ml/min, i.e,, it almost 
doubled. The energy consunption 
increased here by 83 and 153 kcal/ 
hour, respectively. 

On the average, the respira- 
tion rate of subjects, in work 
under brief weightlessness in I 

special equipment, was 63-85% 
higher, than in performing the 
same work in the horizontal 
section of the flight, the pul- 
monary ventilaticn increased by 
20-39% and the energy consumption 
by 22-26%. The energy consumption 
during the same activity varied 
appreciably, depending on age, 
weight, state of training of the 
subject and the rate of perfom- 
ance of the working operations 
by them. 

Experiments, conducted in a weightlessness simulator test stand 
(unsupported stand), for the purpose of study of the bioenergetic 
singularities of human activity under weightless conditions, demon- 
strated that, as in brief weightlessness, the energy consumption in 
simulation of the absence of weight in an unsupported position, was 
higher than in performing the same work, under conditions of simula- 
tion of normal (terrestrial) body weight of the subjects, in this 
same test stand (Table 44). It was detemined that the increise in 
energy consumption in performing one working operation or another in 
the unsupported position in the test stand involves the way ir which 
the subject is secured to the object of work, in particular, with the 
number of points of attachment. 



TABLE 4 3  

CHANGE I N  RESPIFWTION AND ENERGY CONSUMPTION 
INDICES OF SUBJECTS WHILE PERFORMING VARIOUS WORKING 
TASKS I N  KEPLER PARABOLA FLIGHTS 

Horizontal 

-3 
26.44 20.22 3.94 
0.9 0.8 0.14 

Weightless 
neas 

Notes: 1. Propor t ioned p h y s i c a l  workload, work w i t h  
expander. 2 .  S p e c i a l  work, pumping o u t  con- 
densate .  3. Purposeful  a c t i v i 2 y ,  t r a n s f e r  
from one c r a f t  t o  ano the r  i n  p r e s s u r i z e d  space- 
s u i t .  4. Working t a s k ,  performance of s e p a r a t e  
elements  o f  assembly work. 

As is e v i d e n t  from Table 44, wi th  t h e  s u b j e c t  secured  to  t h e  
work o b j e c t  a t  t h r e e  suppor t ing  p o i n t s  ( t w o  hands, cons ide r ing  t h e  3 

working hand t o  be  a p o i n t  of at tachment  a l s o ,  and j a i n i n g  t h e  l e g s  - / I63  
t o g e t h e r ) ,  t h e  oxygen consumption i n  s imula ted  we igh t l e s sness  i n  t h e  
unsupported test  s t a n d  was inc reased  by 1 4 %  over  t h e  b a s e l i n e  d a t a .  
With t h e  s u b j e c t  secured t o  t h e  work o b j e c t  by t w o  p o i n t s  (only two 
hands ) ,  t h e  oxygen consumption inc reased  by 27%. The energy consump- 
t i o n  o f  t h e  s u b j e c t s  inc reased  by 1 3  and 25%,  r e s p e c t i v e l y .  Thus, 
wi th  i n c r e a s e  i n  number of  p o i n t s  by which t h e  s u b j e c t  is  secured  t o  
t h e  o b j e c t  of  work from two t o  t h r e e ,  t h e  energy consumption i n  
performing t h e  same o p e r a t i o n ,  under s imula ted  we igh t l e s sness  condi- 
t i o n s  (unsupported c o n d i t i o n s )  decrease6 almost  t o  h a l f .  

I t  must be noted t h a t ,  i f  "working" energy consumption is  taken 
i n t o  c o n s i d e r a t i o n ,  i . e . ,  energy consumption on ly  i n  performing t h e  
opera t ion  (excluding energy consumption i n  p rese rv ing  t h e  s t and ing  
p o s t u r e  f o r  t h e  corresponding i n t e r v a l  of  t i m e ) ,  t h e  d i f f e r e n c e  i n  

.i 
v a l u e s  of t h e  "working" energy c o n s m p t i o n  i n  performing t h e  same % 

o p e r a t i o n ,  under s imula ted  w e i g h t l e s s  c o n d i t i o n s  (unsupported condi- 
t i o n s )  and ground c o n d i t i o n s  w i l l  be cons iderably  h igher .  The t o t a l  



TABLE 44 

RESPIRATORY METABOLISM AND ENERGY CONSIiMPTION VS, NUMBER 
OF ATTACNMEhT POINTS IN PERFORMING SPECIAL WORK IN 
UNSUPPORTED TEST STAND (simulating weLghtless conditions) 

Simulation 
essness 

- 

energy consumption in performing a "bolt tightening" operation, under 
unsupported conditions simulated in the test stand, was almost 
double (21 kcal vs. 12 kcal) that u.nder earth conditions, and the 
"purely working" energy consumptio?.~ under the simulated conditions 
was 2.27 times greater (9.08 kcal vs. 4 kcal) than the "wor)-.ingW 
energy consumption under ground conditions; in this case, the subjects 
used 1.64 times more time than or, earth, in performing the operation 
(19.68 min vs. 12 min). t ' 

Thus, judging from the resalts of the study, the egfect of brief 
weightlessness reprcduced in parabolic aircraft flights and the 
effect of certain conditions of weig~tlessness simulated in ground 
experiments (on the unsupported test stand and immersion medium 
tests), lead to a significant increase in rate of the metabolic 
processes, both with the subjects in a state of relative rest and ;I? 
performing various kinds of work. 

The dynamics of the metabolic processes in prolonged hypodynamia 
experiments were different (Fig. 44). Analysis of the experimental 
data showed that, with the subjects under prolonged hypodynamia, 
pulmonary ventilation, oxygen consumption and basal metabolism 
gradually decrease , and that this reduction was more pronounced iil 
subjects under complete hypodynamia and, to a lesser extent, in 
persons performing a daily set of physical exercises. In the first 
case, the metabolism was reduced by 30-40% and, in the second, only (165 
by 5010% from the initial data (I. P. Neumyvaicin, 1969). Thus, the 
pulmonary ventilation of subject V (curve 41, in complete hypo- 
dynamia in water, decreased from 7.6 to 6 l/min by the 11th day, the 
oxygen consumption decreased from 303 to 210 ml./'min and the basal 
metabolism decreased from 2058 to 1470 kcal/day. A similar i duc- 
tion in metabolism was observed in subject P (curve 5 ) ,  in the mock- 
up chair of a laboratory object. The metabolism of subject G (curve l), 
who was in water and performed a daily set of physical exercisee 
during the test, after some increase in the first 4 days of imiiersion 
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4J i , *I :I post. 3 I " [ggk s test 0) 
4J g my of hhypoynamia nay of hypodynamia 
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Fig, 4 4 .  Dynamics of external respiration indices of 
subjects in prolonged hypodynamia: I, with daily 
performance of physical exercise sets; 11, without 
exercise; A, pulmonary ventilation; 8, oxygen conswnp- 
tion; C, basal metabolism; 1) subject G and 4) subject 
V immersed; 2 )  subject P; 3)  subject G and 5) subject 
P in mockup chair of laboratory object. 
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(by 11912% of t h e  i n i t i a l  d a t a ) ,  began t o  decrease gradual ly ,  By t h e  
11 th  day of t h e  test, t h e  oxygen consumption decreased from 260 t o  
226 ml/min, and t h e  basa l  met-abolisrn decreased from 1756 t o  1539 kcal/  
day. The miiiute r e s p i r a t i o n  volume decreased only t o  t h e  i n i t i a l  
value. Similar  da ta  were obtained with  t h e  sub jec t  i n  t h e  mockup 
cha i r  of the  laboratory ob jec t  and i n  d a i l y  perfc~rmance of a set of 
physical  exercises .  

E f f ec t  of Prolonged Weightlessness on 
Respirat ion and Respiratory and Energy 
Metabolism 

A study of t h e  e f f e c t  of prolonged weightlessness on metabolism 
was f i r s t  c a r r i ed  ou t  during the  f l i g h t  of Voskhod 2.  

Analysis of t h e  ex t e rna l  r e s p i r a t i o n  ind i ces ,  obtained during 
o r b i t a l  f l i g h t s ,  has shown t h a t ,  i n  t h e  t r a n s i t i o n  period from g- 
forces  t o  t h e  s t a t e  of weightlessness,  some tendency was observed 
toward increase  of t he  r e s p i r a t i o n  r a t e  over t h a t  of t h e  5-minute 
readiness  examination. The changes i n  r e s p i r a t i o n  r a t e  were the 
same i n  t h e  f i r s t  o rb i t so f  t he  f l i g h t .  This apparent ly  was due t o  
neuroemotional s t r e s s  of t h e  as t ronauts  i n  t h e  i n i t i a l  period of 
the  space f l i g h t .  I n  t h e  subsequent period i n  o r b i t a l  f l i g h t ,  t h e  
r e sp i r a t i on  r a t e  gradual ly  decreased, reaching t h e  prelaunch l e v e l  @ i 
a t  times. Thus, t h e  r e s p i r a t i o n  r a t e  of Yu. A. Gagarin, a t  t he  : 

beginning of t h e  period of weightlessness,  10-15 minutes i n t o  t h e  
f l i g h t  i n  t h e  Vostok spacecraf t ,  increased t o  37 cyc les  per minute, 
with an i n i t i a l  (prelaunch) value of 25 cycles  per  minute. Subse- 
quently,  t he  r e s p i r a t i o n  r a t e  stayed a t  t h e  l e v e l  of 25-27 cyc les  
per  minute, on t h e  average. The r e sp i r a t i on  amplitude increased /166 
a l i t t l e  i n  t h i s  period (Fig. 4 5 ) .  The r e s p i r a t i o n  r a t e  of G. S. 
Titov, i n  t h e  f l i g h t  of Vostok 2, was higher than t h e  prelaunch 
l e v e l  i n  only t he  f i r s t  f i v e  o r b i t s  of t h e  f l i g h t ;  subsequently, 
it turned ou t  t o  be lower than t h e  prelaunch l eve l .  The changes i n  
r e s p i r a t i o n  r a t e s  of o ther  as t ronauts  i n  o r b i t a l  f l i g h t s ,  l a s t i n g  
from 70 t o  95 hours, were s imi l a r  (Table 4 5 ) .  Thus, t h e  average 
r e s p i r a t i o n  r a t e s  of V. V. Tereshkova, P.  R. Popovich, V. A. 
Shatalov and Ye. V.  Khrunov (Soyuz 5 )  2xceeded the  i n i t i a l  r a t e  a t  
a l l  s tages  of t h e  o r b i t a l  f l i g h t .  After  t h e  t r a n s f e r  of Y e .  V .  
Khrunov through open space, h i s  r e s p i r a t i o n  r a t e  decreased t o  t he  
i n i t i a l  values.  The r e s p i r a t i o n  r a t e  of A. G. Nikolayev (Vostok 3 )  
was more s t a b l e  i n  f l i g h t ,  wi th  neg l ig ib l e  dev ia t ions  from the  
base l ine  l eve l .  



In orbital flights lasting up 
119 hours, the respiration rates 
of the astronauts also stabilized 
after the first days of the flight, 
mainly at the level of the 4-hour 
prelaunch readiness, and they 
increased, depending on the type 
of work performed. The pulse rate 
decreased below the initial level 
at times in the state of rest, 
not reaching, however, the values 
observed at rest on the earth 
(Table 46) . 

Fig. 45. Respiration rate and The d d a  on change and 
amplitude of Yu. A. Gagarin in respiration rate of astronauts 
orbital flight: 1) respiration during extravehicular activity 
amplitude; 2) respiration rate; are of particular interest. As 
Pa2 5-min r?adiness examination; the data obtained in the orbital 

, HF initial and final periods flight of Voskhod 2 showed, the 
o H$ weightlessness. respiration rate of P. I. Belyayev 

TABLE 45 

and A. A. Leonov increased over that of the prelaunch period, Jrom 
18 to 22 cycl,?s per minute and from 20 to 24 cycles per minute, 
respectively, During the extravehicular activity of A. A. Leonov, 
his respiration rate reached 26-36 cycles per minute. In the 7th 
orbit, the respiration rates of both astronauts decreased to 14-15 
cycles per minute, i.e., below the level of the prelaunch 5-minute 
readiness period. 

RESPIRATION RATE (cycles per minute) OF ASTRONAUTS AT 
SEPARATE STAGES OF ORBITAL FLIGHT, LASTING FROM 70 TO 
95 HOURS (average data) 

The respiration rate of Ye. V. Khrmov (Soyuz 5) increased, 
during preparation for transfer to Soyuz 4, to 27 cycles per minute 

Astronaut 

A* G* Nikolayev 
P.  R. Pcrpvich 

Ova f/: zR'gK 
e* '* I(hrunov 

Flight Day 
1 3  I 4 

I 
10 1 1  
11--1320 

13 16 
,112 
11-14 

I 
10 13.711.4 11.011.3 11.010.011.1 12.4 11.0 13.0 11.73.8 

19.1 18.6 18.2 17.4 16.4 15.0 15.3 14.9 16.3 - - - 
I2 - - - 





on t h e  average and, dur ing  t h e  t r a n s f e r ,  t o  36 c y c l e s  p e r  minute,  
The maximum r e s p i r a t i o n  r a t e  dur ing  t h e  t r a n s f e r  was 49 c y c l e s  per  
minute ( Y e .  I. Vorob'yev, e t  a l . ,  1969).  

Thus, t h e  g e n e r a l  d i r e c t i o n  of change i n  r e s p i r a t i o n  r a t e  of 
a  man under cond i t ions  of prolonged we igh t l e s sness  (up t o  119 hours)  
is its es tabl i shment  a t  a r e l a t i v e l y  h igher  l e v e l  than  under normal 
ground condi t ions .  I n d i v i d u a l ,  more pronounced changes i n  r e s p i r a -  
t i o n  r a t e ,  noted i n  t h e  a s t r o n a u t s  dur ing  o r b i t a l  f l i g h t s ,  a r e  
connected wi th  motor a c t i v i t y  of t h e  a s t r o n a u t s  and wi th  stress /I67 
e f f e c t s  ( e x t r a v e h i c u l a r  a c t i v i t y ,  performance of f l i g h t  program 
o p e r a t i o n s ,  conducting rad ioconversa t ions ,  e tc . ) .  Th i s  r e g u l a r i t y  
i n  r e s p i r a t i o n  r a t e  dynamics under we igh t l e s s  c m d i t i o n s  was fol lowed 
i n  longer  o r b i t a l  f l i g h t s  (Soyuz 9 s p a c e c r a f t ,  424 hours and Sa lyu t  
o r b i t a l  s t a t i o n ,  2 4  d a y s ) .  Thus t h e  pu l se  r a t e  of A. G .  Nikolayev 
(Soyuz 9)  was 22 c y c l e s  p e r  mi-ute dur ing  t h e  f i r s t  o r b i t  and, i n  
t h e  second and succeeding o r b  .; of t h e  f i r s t  days of t h e  f l i g h t ,  
it decreased t o  15 c y c l e s  p e r  minute. Subsequently,  i n  t h e  49th- 
SOth, 174th,  190th,  257th and 267th o r b i t s ,  h i s  r e s p i r a t i o n  r a t e  
inc reased  a t  t imes  t o  20 c y c l e s  p e r  minute o r  decreased t o  12-13 
c y c l e s  p e r  minute ( 6 1 s t ,  77th,  157th  and 212th o r b i t ) ,  remaining a t  
t h e  l e v e l  of  15-16 c y c l e s  p e r  minute dur ing  t h e  e n t i r e  18-day 
f l i g h t ,  on t h e  average. V. I .  Sevast  'yanovl s r e s p i r a t i o n  r a t e d u r i n g  
t h e  18-day o r b i t a l  f l i g h t  was more s t a b l e ,  and it was 13-15 c y c l e s  
p e r  minute, on t h e  average. 

There is  g r e a t  i n t e r e s t  i n  a n e l y s i s  o f  t h e  dynamics of  change 
i n  i n d i v i d u a l  phases of t h e  r e s p i r a : o r y  c y c l e s  of  a s t r o n a u t s  P. I .  

bi 
I 

BelyayevandA. A. Leonov. For P. I Belyayev, i n  t h e  f j  two 
o r b i t s  of  t h e  o r b i t a l  f l i g h t ,  t h e  d u r a t i o n  of indiv idu.  aces  of  
t h e  r e s p i r a t o r y  cyc:ie corresponded t o  quickening of  rcs, i t i o n  and, 
i n  o r b i t s  3-7, whi le  mainta in ing t h e  r e s p i r a t i o n  a t  16 c , c l e s  p e r  
minute,  it inc reased  (Fig.  46) .  The longes t  r e s p i r a t o r y  pause was 
reached i n  o r b i t  7,  when r e s p i r a t i o n  was t h e  s lowest .  A t  t h i s  t i m e ,  
a  ~.linimum r e s p i r a t i o n  amplitude was noted.  For A. A. Leonov, i n  t h e  
f i r s t  o r b i t  of  t h e  o r b i t a l  f l i g h t ,  t o g e t h e r  wi th  quickening of - /I68 
r e s p i r a t i o n ,  t h e  d u r a t i o n  o f  r e s p i r a t o r y  cyc le  phases decreased.  
The i n h a l a t i o n  time and r e s p i r a t o r y  pause inc reased  some- 
what i n  o r b i t  2 .  The l eng th  of a l l  phases of  t h e  r e s p i r a t o r y  c y c l e  
inc reased  i n  o r b i t s  3-7 and, i n  o r b i t s  13-17, t h e  l eng th  of t h e  
e x h a l a t i o n  phase continued t o  i n c r e a s e ,  correspo:lding t o  qcickening 
of r e s p i r a t i o n ,  and t h e  remaining phases of t h e  r e s p i r a t o r y  c y c l e  
decreased.  A s i m i l a r  change was n o t  observed i n  t h e  e x h a l a t i o n  
phase of P. I. Belyayev. The r e s p i r a t o r y  movement amplitude of A. A. 
Leonov inc reased  a t  t h e  beginning and end of t h e  f l i g h t ,  b u t  it 
decreased i n  t h e  middle of t h e  f l i g h t .  
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Fig. 46. C9ange in respiration phase a.nd amplitude of 
P. I. Belyayev in prelaur~ch period and in different 
orbits of orbital flight: I) inhalation; 2) exhalation; 
3) pause; 4) respiratory cycle; 5 )  respiration amplitude. 

- The coefficients of variation of the respiratory cycles and 
respiration amplitude of P. I. Belyayev changed in the opposite 
direction from respiration rate, namely: at the start and end of 
flight, when respiration was r.ore rapid, the coefficients of variation 
were at a minimum and, in the mid?le and second half of the flight 
(orbits 7, 13, 151, when respiration was slower, they reached the 
greatest values (Fig. 47). 

The dynamics of change in the coefficient of variation of res- 
piration phase and amplitude of A. A. Leonov were similar to the 
changes of P. I. Belyayev noted above. However, there were irdividual 
singularities. Thus, for example, despite the sJowing of respiration 
in the middle or the flight, the coefficient of variation of the 
respiratory pauses have a tendency to decrease during the entire 

i period of weightlessness; the coefficient of variation of the inhala- 
: tion phase and the respiratory cycle in the second half of the flight 

(orbits 13-16) were less than in the first half (orbits 3-6), on the 
average, and they fluctuated within narrow limits, al-though the 

k respiration rate in these sections was an~roximately the same (17-19 
i cycles per minute in the first half of flight and 18-20 cycles in the 
t second half). The reaoon for this change in respiration phase and 

i 
f 
5 
i 



During inflight performance of various proportioned workloads 
(pumping out the condensate, work with the expander, etc.) by space- 
craft crew membesof Soyuz 6 and Soyuz 9, it was revealed that the 
respiration rate, both in the quiet state and immediately after 
performing proportioned workloads, changed ambiguously. Depending on 
the nature of change in respiration rate, three types of reaction 
can be distinguished. In the first type, the respiration rate 
noticeably increases over the initial level in weightlessness. This 
was observed in both the quiet state and 10-15 sec after performing 
physical workloads (Fig. 48A). In the second type, the respiration 
rate decreased somewhat immediately after performing proportioned 
workloads in weightlessness. The third type of reaction is char- /169 
acterized by increasand decrease in respiration rate for the duration 
of the entire orbital flight (both with the astronaut at rest and in 
performing proportioned workloads; see Fig. 48B). 

amplitude remains vague now, On 
? 

... the wholel analysis of the respira- 
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..: -. tory cycle phases and their coef- 
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: .. L... ficients of variation indicate 

0 . .  8 .,,,.: .,--..... --.* relative stability in the respira- 
/ j ~ / ?  .a I tion function of both astronauts. 

pi,, ,\, .,-p,.4 - ' d  t i  -/ The effect of proportioned 
workloads on the respira- 
tion function was studied, begin- 
ning with the flight of the Voskhod j[~y& 3 ---* -.- --' spacacraft. It was determined 

I that, in the workload period 
. - -  - &  .- .... -..-- -- - . . . . (squeezing a dynamometer with the 

\. . . i 9 " . , ., * I  !: :,, k t  :: hand, with a force of 3-5 kg for 
Orbit a minute), the respiration rate 

increased somewhat and the respira- 
tory cvcle phases changed in all 

Fig. 47. Change in coefficient crew members. !"bus, the respira- 
of variation of respiration rate tory cycle duration of V. Mo 
and pulse rate of P. I. Belyayev Komarov decreased, owing to 
and A. A. Leonov in prelaunch shortening in ha la tic^, exhalation 
period and in different orbits and the pause. The reduction in 
of orbital flight: 1) pulse the respiratory pa~se of Bo B. 
rate of P. I. Belyayev; Yegorov also was the main reason 
2) pulse rate of A. A. Leonov; for quickening respiration. It 
3) respiration rate of P. I. also was determined that the 
Belyayev; 4) respiration rate of curves, characterizing the change 
A. A. Leonov. in respiratory cycle phases, had 

pronounced individual differences 
and quickly returned to the initial values after ending work with 
the dynamograph (A. D. Voskresenskiy, I. I. Kas'yan, D. T. Makslmov, 
1966). 



Together with study of the 
A effect' of weightlessness on respira- 

!4 tion rste and pulmonary ventilation, 
beginning with the flight of Voskhod 
2, the vital capacity of the lungs 
(VCL) was studied. Analysis of the 

6 -: data obtained show that changes in - I "9 III irll.mi-m.fi the VCL under weightless conditions 3 *re- .lb 4h hl post- were ambiguous. In the majority of 2 flight orbit cases, the VCL, measared in astro- 

8 i B 
nauts in the state of relative rest 

Ut,, duricg 1-3 days of orbital flight, 
rb 
LC 14 

was lower than the initial preflight 
data base. In 3-5 days of flight, 

2 
the VCL changes both decreased and 
increased. For example, that of 

b l  ' :~bai.-d ere- IY 3 4 1  1 $ 1  h post- " . -  baseline P. I. Belyayev data, was that 1100 of A. ml A. below Leonov the 
flight Orbit flight 1000 ml, that of V. N. Kubasov, 
01 200 ml, and that of G. S. Shonin, 
I: 
DJ according to the data of four studies 

(days 1-4 of the flight), by 180 ml 

Fig. 48. Respirdtion rate of 
astronauts before and after 
performing proportioned 
physical workload in orbital 
flight: 1) before workload; 
2) 15-20 sec after workload; 
3) 2 min after workload; A, 
1st type of reaction; B, 
3rd type of reaction. 

below the baseline data, on-the 
average. The VCL of Ye. V. Khrunov 
in the first day of orbital flight 
was found to be 200 ml above the 
bsseline data. The VCL changes of 
V.  V. Gorbatko in days 1-5 of the 
flight varied, according to the data 
of four studies, from 200 to 500 ml. 
The VCL of A.  G .  Nikolayev (Soyuz 9) 
on the 8th and 16th days of flight 
increased by 600 and 860 ml, 

- 

respectively. In the postflight period, the VCL rapidly returned to 
the initial level, with negligible fluctuations in one direction or 
the other (from +50 to 2300 ml). 

In performing proportioned physical workloads in weightlessness, 
the vital capacity of the lungs varj.ed more thar, during the same 
workload performed under earth conCitions. 

While a proportioned physical workload on earth led to a stable 
reduction in VCL (by 50-150 ml, compared with rest), both a reduc- 
tion (by 100-400 ml) and an increase (by 100-900 ml) of the VCL was 
recorded under weightless conditions. Performance of a proportioned 
physical workload in the postflight period, like before the flight, 
caused a 50-100 ml reduction in VCL, in the majority of cases. 

Thus, changes in the vital capaci-ty of the lungs under orbital 
weightlessness conditions also are characterized by great variability 



botk . magnitude of change and in dixection of the shifts, In the 
majority of cases, the vital capacity of the lungs was lowex in 
weightlessness than in the preflight period. 

In connection with the fact that study of the respira.tory 
metabolism and energy cons-mption indices of the astronauts was 
conducted during flightsof different lengths, and that the astro- 
nauts were occupied with nonuniform activities before the studies 
and performed different measured physical workloads, it is advisable 
to analyze the data obtained separately for each flight. 

Execution of the Voskhod 2 flight program required great emotional 
and physical stress of the astronputs: the first extravehicular 
activity was accomplished. This was reflected in the respiratory 
metabolism and energy consumption indices. 

As is clear from Table 47, the respiratory metabolism rate in- 
creased considerably under weightless conditions in both astronauts. 
The pulmonary ventilation of P. I. Belyayev increased by 92% from 
the initial state and, of A. A. Leonov, by 185%. This increase took 
place mainly, because of change in respiratory volume, which increased . 
by 532 ml for P. I. Belyayev and by 692 ml for A. A. Leonov. The 
respiration rate of both astronauts changed less. The consumption of 
oxygen, investigated in A. A. Leonov under orbital weightlessness /170 1 
conditions, was increased by 206.4 ml/min (over data on earth); it 
was 2-7 ml/min below that on earth fox P. I. Belyayev. Carbon di- 
oxide discharge by A. A. Leonov increased by 64 ml/min, and that of 
P. I. Belyayev decreased a little. The energy consumption at the 
moment of study of respiratory metabolism under weightlessness was 
2.2 kcal/min for A. A. Leonov and 0.81 kcal/min for P. I. Belyayev 
(I. I. Kas'yan, et al., 1969). 

Similar changes were found in study of respiratory metabolism 
and energy consumption of the crew members of Soyuz 4 and Soyuz 5, /171 
accomplishing "docking" and transfer from one craft to the other 
through open space (Table 48). 

Analysis of the results of 14 studies of respiratory metabolism, 
carried out on V. A. Shatalov and Ye. V. Khrunov in a 72-b.our orbital 
flight, revealed a higher metabolism level than under ground condi- 
tions. Thus, the pulmonary ventilation, measured under weightless 
conditions in a state of relative rest, was higher than before the 
flight: by 2.36-2.80 l/rnin for V. A. Shatalov and by 0.52-5.02 l/min 
for Ye. V. Khrunov. The greatest increase in pulmonary ventilation 
was noted in V. A. Shatalov, in the 12th orbit (the first day of the 
flight) and the smallest, in the 27th orbit (2nd day of the flight). 
The oxygen consumption in weightlessness of Ye. V. Khrunov was 240 
ml/min; it was 225 ml/min on eartS.. 

The energy consumption of V. A. Shatalov and Ye. V. Khrunov, 
measured under orbital weightlesc conditions, also were greater than 
before the flight. According to the data of six studies, conducted 



TABLE 47 

RESPIRATION INDICES OF ASTRONAUTS P, I, BELYAYEV 
AND A, A. LEONOV DURING ORBITAL FLIGHT IN VOSKHOD 2 

IP. I .  Belvavet; A. A. Leonov 
Index 

~eapiration rate, cycle/m.in 
Respiratory volume, ml 
P F g  vgngle&$on 14 corre te  I I D &on monfon.)l 4 . 6 1  8.921 7 . 4  . l l .  6 . 1 3  

on V. A. Shatalov in flight, the energy consumption in a state of 
relative rest exceeded the initial values by 0.94-1.39 kcal/min; 
the energy consumption of Ye. V. Khrunov under these conditions was 
0.06-1.45 kcal/min higher. The highest energy consumption by V. A. 
Shatalov was recorded in orbit 7 (first day of the flight) and the 
lowest, in the 43rd orbit (3rd day). 

When the astronauts performed proportioned physical workloads /172 
during a space flight, the fluctuations in respiratory metabolism b 
indices under weightless conditions were still more pronounced 1 
(see Table 48). Thus, compared with data obtai-sd before performance 
of a physical workload, the increase in pulmonary ventilation of 
V. A. Shatalov was from 3.6 to 8.5 l/min, in different orbits of 
the flight. Of six studies, his maximum increase in pulmonary 
ventilation in a physical workload was observed in the third day of 
the flight (orbit 43) and the minimum increase, on the 2nd day of 
the flight (orbit 27). 

In experiments performed by the crews of Soyuz 6 and Soyuz 7 
(22 studies of 4 astronauts, in weightlessness for about 119 hours), 
a distinct increase also was noted in pulmonary ventilation, /I73 
compared with preflight data. This increase was more marked in 
performing proportioned physical workloads. Thus, from data of 
11 studies of pulmonary ventilation of astronc.uts in a state oi 
relative rest, the minute volume of respiration in different orbits 
of the flight was 2.07 l/min higher than the baseline (see Table 48). 
The maximum increase in pulmonary ventilation was noted in G. S. 
Shonin on the 3rd day of the flight (orbit 34), in V. V. Gorbatko 
in the 18th and 19th orbit (days 2 and 3 of the flight) and in A.  V. 
Filipchenko, on the 5th day of the flight (orbit 79). 

The energy consumption of the astronauts, -1culated from the 
pulmonary ventilation (11 observations) under weightless conditions, 
also was increased over the baseline observations before the flight, 
by an average of 0.59 kcal/min. The maximum increase in energy 
consumption of the astronauts in a state of relative reet was; 



TABLE 48 

MINUTE RESPIRATION VOLUME OF ASTRONAUTS IN ORBITAL FLIGHT, 
AT REST AND AFTER WORK (liters) 

I 
V.A. 7.24 - - I 7 - 16.9 - - - - 

S h a t a l o v  1 13 16.0 - - - - 
2 21 11.2 3 14 9 - - - - 
2 27 9.6 3 > 13.2 - 
3 40 10.8 3 * 17.5 - 
3 ,43 10.9 3 w 19.4 - 9.24 - - 

V.N. /11.131--1-3 134 I ~ o n i t o r  I 
K u b a s o v  s y s t e m s  113.2~ 2 16.7 - 7.85 - - 
- I I I I I  

A.V.Fil ip-  10.9 15.9 - 5 69 R a d i o c o n  I S . O E X P ~ ; :  18.7 
chenko 1 I 1 1 v 1 7 9 1  115.91 . /20.11 1 ~ ~ : % I I R ? ~  1 

, # I 1  , . . , 

A. G. 
N i k o i a y e v  16 ,240 . 11  7 

G.S. 

S h o n i n  

. . . . . , . .  

by G. S. Shonin in day 3 of the flight (+0.96 kcal/min), by A. V. 
Filipchenko on day 5 of the flight (+1.07 kcal/min) and by V. V. 
Gcrbatko on day 3 of the flight (+0.72 kcal/min). 

Study of pulmonary ventilation in flight, immediately after the 
astronauts performed proportioned physical workloads, showe6 more 
;,renounced shifts of the minute volume of respiration than the 
changes observed in performing the same work on earth. The increase 
in pulmonary ventilation of G. S. Shonin and V. N. Kubasov, while 
working in weightlessness (pumping out condensate) in various orbits 
of the flight, varied frcm 3.5 to 6.6 l/min compared with data ob- 
tained before each study in a state of rest). Performance of the same 
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work on earth caused an increase in pulmonary ventilation of only 
1.2-1.3 l/min. The increase in pulmonary ventilation of A, V, 
Filipchenko and V, V, Gorbatko in a proportioned physical wrklcad 
in weightlessness (work with the expander), from the data of six 
studies, was an average of 2.8 l/min. The maximum increase in 
pulmonary ventilation, in work perfomled in weightlessness, was 
observed for A. V. Filipchenko (4.5 llmin) and for V. V. Gorbatko 
(4.8 l/min) on the 5th day of the flight (69* and 79th orbits for 
the first and 70th orbit for the second astronaut), The energy 
consumption of the astronauts in performing proportioned physical 
workloads, calculated from the pulmonary ventilation value, also 
were higher than the enerqy consumption in the same work un~er earth 
conditions. The greatest increase of energy consumption proved to be 
that of G. S. Shonin in orbit 34 (trd day of the flight) and of 
V. V. Gorbatko in the 70th orbit (5th day of the flight). 

A study of respiratory metabolism, carried out on G. S. Shonin 
in the first days of the flight, showed that oxygen consumption by 
the astronaut, in performing a proportioned physical workload, in- 
creased by 189%, elimination of carbon dioxide increased by 209% and 
the energy consumption increased by 193%, over the indices obtained 
before each workload in a state of relative rest. 

In an analysis of raterials of the 18-day flight of Soyuz 9, 
the same pattern of change in pulmonary respiration was found, as in 
the preceding flights of shorter duration. Thus, the minute volume 
of respiration of A. G. Nikolayev in a state of relative rest, in 
the 116th and 240th orbits (days 8 and 16 of the flight) were 4.74 
and 4.54 l/min higher, respectively, than before the flight. 

In performing a proportioned physical workload (work with the 
expander), the pulmonary ventilation of A. G. Nikolayev in the 116th 
and 240th orbits increased, in the first case, from 11.9 to 17.8 1/ 
min and, in the second, from 11.7 to 16.2 l/min. The pulmonary /I74 
ventilation 2 min after the workload recovered to the valce recorded 
in a quiet state before work with the expander (it turned out to be 
even a little lower than before the workload in the 116th orbit). 

It must be noted that, both in a state of rest and in perform- 
ing a proportioned workload, the pulmonary ventilation decreased 
somewhat at the end of the flight, to values, which practically 
coincided with the data obtained for A. G. Nikolayev while performing 
training flights in the aircraft-laboratory. 

Study of the respiratory met.abolism of A. G. Nikolayev was 
carried out simultaneously with (determination of pulmonary ventila- 
tion, i.e., in the 116th and 24Cth orbits of the flight. In both 
cases, oxygen consumption and e:lergy consumption, studied both at 
rest and in performing a proportioned physical wcrkloaz, were greater 
than under earth conditions. ilowever, a reduction ir. respiratory 
metabolism indices was noted by the 16th day of the flight, both in 



the state of relative rest and in performing the proportioned 
physical workload, although the oxygen consumption at rest on the 
16th day remained 80% higher than on earth for Aw Gw Nikolayev. 

Study of the respiratory metabolism in the postflight period 
showed that the metabolic shift of the astronauts were retained for 
a long time after the end of the flight. 

The oxygen consumption and energy consumption of P. I. Belyayev, 
A. A.. Leonov, V. A. Shatalov and Ye. V. Khrunov, studied a day after 
the flight in a state of relative rest, was 12-66% higher, than in 
the preflight period, The oxygen consumption of V. N. Kubasov, A. V. 
Pilfpc-henkc an8 V i  V,  Gorbatko a day after the flight, was 5-236 
below the baselhe data. The metabolism of A.  G. Nikolayev d L e r  
the flight of Soyuz 9 returned to the initial value on the 8th day 
after the flight. 

Thus, the collated results of stucly of the state of 
respiration, respiratory metabolism and er2rgy consumption of the 
crews af Voskhod 2, Soyuz 4 and Soyuz !) indicates that the effect 
of prolonged weightlessness on the human body is displayed by an 
increase in metabolism rates, retained for periods of up to 18 days 
continuous stay under these conditions. 

The changes in respiration rate come down to expression of it 
by quickening at the start of flight and after descent of the space- 
craft. In the middle of the flight, these changes were determined 

$+. 

by the nature of the activities of the astronauts: both quickening t 
and slowing down of respiration were observed, depending on the 
physical and psychic loads. Thus, for example, radioconversatinns, 
which were carried out at a very high rate, caused a noticeah>e 
quickening of respiration. Respiration quickened especially shsrpl-y 
in the astronauts, la preparing for extravehicular activity and 
while performing it. In a state of relative rest and during sleep, 
the respiration rate decreased. Howeve', it must be noted overall 
that the respiration rate was maintained at a relatively higher 
level, than under the corresponding conditions on earth. 

The pulmonary ventilation volume, oxygen consumption and carbon 
dioxide elimination, and the level of energy consumption of the 
astronauts under weightless cond.itions also were higher than in the 
initial state (preflight) and, when the astronauts were in a state 
of rest after performing various operations and while they performed 
propoztioned physical workloads. The greatest increase in metabolism 
rate was observed on days 1-5 of the flight. With further stay in 
weightlessness (up to 18 days), the respiratory metabolism decreasedlL75 
somewhat, not reaching however, the initial indices, obtained in 
conduct of similar studies on earth. 

It should be assumed that the marked increase in rate of 
metabolic processes, especially in the first days a man is in weight- 



lcssness, is connected with ma:iifestation of general, no~lspecific 
reections of the body to the change in environmental conditions, 
Under new physical conditions, as a consequence of change in the 
accustomed flow of information and of the progressing disagreement 
in the functioning of the majority of analyzers (0 .  G. Gazenko, 
1962; P. K. Isakov, 1963, 1964; Ye. M. Yuganov, 1963, 1965; I. I. 
Xas'yan, et al., 1966, 1969, 1971; P. V. Vasillev, 1969), imper- 
fections in the coordination-compensatory mechanisms accomplishing 
human posture preservation at rest and at work, apparently arises, 
The more pronour,ced shift in respiratory metabolism, during the 
alternating effects of brief weightiessness and g-forces (iri 
paraboiic aircrait fiiyhtsj an3 in s i l ~ ~ u i ~ t f w i i  of weightlessness ir; 
immersion media, Ere evidence of this. Subsequently, as studies 
in long space flights has shown, in proportion to the reduction in 
neuroemotional and psychic stress, adaptation to weightlessness and 
working out of new work stereotypes, relative stabilization and 
reduction in the metabolic processes to a lower level sets in. The 
reduction in metabolism rate can also be due to the effect of hypo- 
kinesia. However, on the basis of data obkained in experiments with 
subjects secured in various ways during work in the unsupported test 
stand, it should be thought that, with complete adaptation of the 
body to weightless conditiocs, the performance of any physical work 
in weightlessness with inadequate securing of the man, would always 
be accompanied by higher energy consumption. This is connected with # 

the fact that additional energy must be expended in unsupported space 
to maintain the body in the initial position while working. It can 
also be assumed that one of the causes of the increase in metabolism 
rate in weightlessness may be change in hernodynamics in the body, 
with redistribution of the blood, an increase in its central volume. 
This confirms experimental data, obtained in brief c 2ightlessness 
in parabolic aircraft flights (I. I. Kas'yan, G. F. Makarov, V. I. 
Sokolkov, 1971) . 

In all likelihood, changes in the vital capacity of the lungs 
under prolonged weightlessness also are due to the hemodynamic shifts 
indicated above. 

Of course, in connection with the conduct of a small number of 
experiments, the data obtained still do not permit final conclusions 
to be drawn. Further research on longer flights is necessary for 
this. 



6, Urea, Sugar, Nonesterified Fatty 
Acid and Cholesterol Content 
of the Blood in Prolonged 
Weightlessness 

As a result of study of the urine composition of the astronauts 
during flights and immediately after ending them, some disturbances 
of the metabolic processes have been successfully revealed. These 
disturbances were expressed by dehydration and inability to retain /177 
electrolytes in the body (I. S. Balakhovskiy, et al., 1971; Lutwak, 
et al., 1969; Berry, 1971). To evaluate other aspects of metab- 
olism, there was interest in studying the urea, sugar, nonesterified 
fatty acid and c'~olestero1 content of the blood of the astronauts, 
during the flight of Salyut; these are substances, determination of 
which is extensively done in clinical biochemistry. 

We undertook the first effort to carry out such a study in 
1964, durincj the flight of the Voskhod spacecraft (I. S. Balakhovskiy, 
et al., 1966). Determination of urea was of interest, because there 
are data on change in kidney condition after flights (I. S. 
Balakhovskiy, et al., 1971). The sugar and noneaterified fatty acids 
are the main sources of energy of the body; therefore, investigation . 
of their content permits determination of the degree of conditioning 
of the person being examined, on the one hand, and, cn the other, 
to indirectly approach an explanation of the functional state of the 1 
internal secretion glands. An increase in blood cholesterol is a 1 

sign of development of atherosclerosis. Moreover, determination of 
its content allows evaluation of the food ration. All these considera- 
tions served as a basis for development of a complex microchemical 
blood analysis method, suitable for use aboard spacecraft. This 
method was investigated during the flight of the Voskhod sparecraft 
in 1964 and the Salyut station in 1971. Similar studies have been 
carried out in ground experiments, when flight conditions were simu- 
lated by prolonged hypodynamia. This permitted a more nearly valid 
approach to the results obtained directly in space. 

Bio~hemical studies of whole blood and serum have been carried 
oct, using the method adopted in our laboratory for analysis of 
blood dried on filter paper (T. A. Orlova, I. S. Balakhovskiy, 1969). 
In examination of astronauts on earth, as well as during simuiated 
tests, blood or serum samples are epplied to filter paper and dried 
in air. In flight, the astronauts themselves took the blood samples, 
by pricking the flesh of the finger and squeezing out a drop of 
about 0.1. ml in volume onto the filter paper. They placed the paper1178 
in a special, sealed container, containing a moisture absorbent 
(Fig. 49); the blood dried out in it. The total weight of the con- 
tainer, containing the paper with blood and absorbent, remained 
constant, in this case. In dried form, the blood was preserved for 
the entire traveltirie and was returned to earth. The amount of blood 
sampled was determined in the laboratory, by weighing the container. 



Fig. 49. Blood sampling 
container: 1) rubber 
cover; 2) rod for attach- 
ing paper; 3) container 
housing; 4) section with 
silica gel; 5) spring 
compressing the silica 
gel; 6) paper for samp- 
ling blood; 7) capron 
mesh, separating the 
section with silica gel. 

The dry blood residue was determined 
simultaneously, by weighing the paper 
itself. 

Determination of the nones,terified 
fatty acid content was also carried out by 
a micromethod specially developed in our 
laboratory (T. A. Orlova, I. S. 
Balakhovskiy, 1969). 

To facilitate the blood sampling 
procedures aboard the craft, everything 
necessary (needle-scarifier, blood sample 
container with disinfectant) was placed 
in a special storage box, an autonomous 
blood r,~icroanalyzer (AMAK-3) (Fig. 50) . 
The astronaut made a record of sampling 
the blood on the lid of this box. There 
was transparent tape in the box, on which 
blood smears were made for morphological 
examination. 

Change in Certain Biochemical Blood 
Indices in Hypodynamia 

The effect of hypodynania on the 
urine, sugar, nonesterified fatty acid and cholesterol content of the 
blood was studied in several tests, which were performed at various 
times, by various groups of investigators. 

As a rule, two or three series were set up simultaneously. One 
of them was a control, with "pure" hyp~dynamia and, in the other 
series, one prophylactic measure or procedure or another was tested. 
In all cases, those examined, healthy young men, were on a strict 
bedrestreginbe during the entire time of the experiment. They could 
not take a vertical position, but could turn over from side to side 
in bed. Details of conduct of the tests in series 111-VI have been 
discussed in an article of I. S. Balakhovskiy and colleagues (1972) 
and, in series vIII and IX, in a book of P. A. Sorokin and colleagues 
(1969). In tent series 11, those examined were under reduced /17 9 
barometricpresnure, corresponding to altitudes between 2 and 4.5 km 
above sea levei, for a period of 6 hours daily. In test series 111, 
negative pressure on the lower half of the body (NPLB) was used as 
the prophylactic measure, by applying a vacuum container. T r a i n i n q  
exaxcises also were carried out in the vacuum container, but at a 
low-r rate, in series IV. Besides, those examined did physical 
exercises, increasing their daily energy consumption by approximately 
500 kcal. Electrical stimulation of the muscles was done for pro- 
1)hylactic purposes in series VI, and physical training, also 



equivalent  t o  approximately 500 
kca l  per  day, was used in s e r i e s  
IX, I n  series XV, V, V I ,  VIII 
and f X  those  examined ate a 
s e l e c t  I on of dry  and presemed 
foods tuf f s ,  with a t o t a l  c a i o r i e  
value  of 2700-2900 kca l ,  which was 
s i m i l a r  i n  composition t o  t h e  
onboard iood of t he  as t ronauts .  
There was the  usual  hosp i t a l  food 
i n  s e r i e s  I11 and V I I .  

I t  is c l e a r  from Table 49 
t h a t  t he  urea  content  of t h e  blood 
increased somewhat during t h e  
model Peest, a s  a r u l e ,  regard less  
of whether o r  not  prophylact ic  
measures were used. The blood 

O . '-7 Ck- . - .  . .  . . . . .  I sugar content  changed d i f f e r e n t l y  
(Table 50):  during hypodynamia 

Fig. 50. Autonomous blood micro- t e s t s ,  it decreased t o  one 
analyzer (AMAK)  : 1) cover; 2 )  ex ten t  o r  another i n  t he  major i ty  , 
blood sample containers ;  3 )  base of cases ,  bu t  it increased again 
of box; 4 )  ob jec t  g l a s s ;  5 j  a t  the  end of t h e  t e s t .  There 
need le -scar i f ie r ;  6 )  small was a p a r t i c u l a r l y  d i s t i n c t  
beakers f o r  d ig infec t ing  increase  i n  l e v e l  i n  t h e  group P 
so lu t ion ;  7 )  f  ilm-winding with  "pure" hypodynamia ( s e r i e s  I * 

mechanism. V), on the  day a f t e r  t h e  end of 
t h e  experiment. The physical  

workload and o ther  prophylact ic  measures had a neg l ig ib l e  e f f e c t  on 
the  blood sugar content  during hypodynamia, bu t  it prevented an in- 
crease  i n  it immediately a f t e r  t h e  end of t he  test. This is  s t r i k i n g ,  
i n  a comparison of t he  r e s u l t s  obtained i n  t e s t  s e r i e s  I V  and V. 
The nones te r i f i ed  f a t t y  ac id  content  (Table 51) d id  not  change 
s i g n i f i c a n t l y  i n  t he  bed r e s t  condi t ions ,  but ,  j u s t  l i k e  t he  sugar 
content ,  it increased sharply  i n  t he  con t ro l  group on t h e  day a f t e r  
t h e  end of t he  t e s t ,  when those  examined had a l ready assumed t h e  
v e r t i c a l  posi t ion.  Physical  t r a i n i n g  and e l e c t r i c a l  s t imula t ion  of /180 
the  muscles prevented t h i s  increase .  

The blood and serum choles te ro l  concentrat ions increased during 
t h e  tests, a s  a r u l e  (Table 5 2 ) .  I n  determination of t h i s  substance 
by the  method of I l ' k  (which i s  accepted a s  un i f ied  a t  t h e  present  
t i m e ) ,  t he  d i r ec t ion  of change was s i m i l a r ,  but  t he  absolute  ind ices  
were somewhat lower, s i nce  a l l  cho les te ro l  i n  t he  serum cannot be 
detected by t h i s  method. The cho le s t e ro l  content  d id  not  increase  i n  
t he  groups of sub jec t s  wi th  hypoxia ( s e r i e s  11) and with e l e c t r i c a l  
s t imulat ion of t he  muscles ( s e r i e s  V I ) ,  a s  wel l  a s  when e a t i n g  
hosp i t a l  r a t i ons .  I t  must b t  kept  i n  mind, i n  analyzing these  da t a ,  
t h a t  t h e  cho le s t e ro l  l eve l  increases  with age. Since our  sub jec t s  
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CHANGE IN NONESTERIPIED FATTY ACID CONTENT OF BLOOD 
SESUM IN WPODYNAMIA 

I jij $ ( Nonesterified Patty Acid Content, u eq/l 
Test Day ( D.Y ~ f t e r ~ e x  

-st I  at Il!rll . , -- 
series Conations "5 Before I 1 h a t  1 ' " I  XI I s  I ' I 1,;-20 

Note: Test duration, 30 days. 

L. 

were not a uniform group in this respect (their ages varied f i ~ n  20 
to 35 years), the research data in each series must be compared with 
its initial values, 

Changes in Certain Biochemical Indices 
of the Blood During Flight 

During a flight, astronauts sampled blood three times for 
analysis. The results of these determinations are comparable with 
the preflight and postflight examination data in 3-5 day flights, 
as well as with the results of analyses of samples, taken during the 
flight of Voskhod, presented in Table 53. 

For technical reasons, the results of determination of the dry 
residue were reliable only at tF.e start of a flight. On the 5th 
day, the dry residue of G. T. Dobrovolskiy was 22.3%, that of V. N. 
Volkov 20.5% and that of V. I. Patsayev, 22.8%. All the indices 
were normal, and they indicated the absence of marked hemoconcentra- 
tion. 

The blood urea content of V. I, Patsayev increased most of all. 
This increase was maintained for the entire flight, and it frequently 
exceeded 40 mg %. During a 1-day flight of the Voskhod spacecraft 
crew members, the urea concentration also was elevated. 





TABLE 53 

UREA, SUGAR AND CHOLESTEROL CONTENT OF BLOOD OF CREW 
MEMi3ERS OF SALYUT SPACE STATION, COMPARED WITH DAT~A 
OBTAINED I N  OTHER FLIGHTS 

Preflight Day of Flight 
Spacecraft Astronaut 

I t  1 s  I 15 zi Iflight Post- 
I 

Urea, mg \ 

K.P. Feok- 

51; 41 

Sugar, mg% 

Cholesterol, mg% 

Voskhod 
76;112 

K.P .Feok- 
tist0v.V.V. 
Yegomv 

Salyut 
83 80 140 
66 - 110 
75 78 92 

-- 

31 85 - - - -  
a 17 - - - -  
n 185 

100 
115 

- 
- 
- 

16 
90 

17 

8 5 - - -  - - - 1 05 
55 

- 



The blood sugar content was normal on the 5th and 15th days, 
with some tendency to decrease,' but it inci-eased sharply o~ the 
22nd day, esp~ciaily that of G. T, Dobrovolskiy. The direct causes 
of this increase could not be disclosed from the onboard lo7 data. 
It is only known that, on this day, the astronauts were tire, , since 
they had to transfer many times from one section to the other, 
preparing the spacecraft for descent. On the whole, i l l ,?  ,2han:~es in 
blood sugar and urea content were close to those which occqlrred 
during simulation experiments. 

In distinction from the usual increase in blood and serum 
cholesterol levels in simulation tests, the content of it in all 
astronauts decreased durinq the flight. In clinical practice, the 
cholesterol content is determined in the majority of cases, not in 
the whole blood, but in the serum or plasma, since the chqlesterol 
concentration in the erythrocytes is relatively law and the dynamics 
of the content in whole blood turns out to be less indicative. 
It did not appear to be possible to obtain serum for analysss during 
a flight; therefore, only whole blood samples were taken. 

The increase in blood urea content of the astronauts during 
the flight of the Salyut space station should not be surprisin,~, 
since it agrees well with those shifts, which occurred in the model 
test and during the flight of the Voskhod spacecraft. This increase 
cannot be a consequence of acceleration or synthesis, since the ;% .I 

excretory capabilities of healthy kidneys is very much higher than /181 b 
the possible rate of formation of urea. T5is follows, if only from 
the fact that the hourly excretion of urea and other nitrogenous 1. 

products fluctuates within considerable limits in the course of a 
day, and the maximum rate always proves to be much greater than the 
average. In connection with this, the cause of urea retention in 
the body may be only functional changes in the kidneys. Their 
functioning actually changes, both in flight and in hypodynamia 
tests. An increase in elimination of water and electrolytes in 
model tests has been demonstrated in many works of Gauer and 
colleagues (1971). According to our observations, the kidney function 
after a space flight and at specific stages of model tests also 
disclosed characteristic changes (I. S. Balakhovskiy, et al., 1971). , 
Although, ii? general outli.:e, the cause of increase in blood urea 
content is quite understandable, the specific pathophysiological 
mechanism and, mainly, the importance of this fact for evaluating 
the state of health of the astronauts remains unclear. It can be 
said confidently that these changes are of a functional nature, 
since, in simulation tests and in brief flights, the increase in urea 
content was reversible, the concentrating function of the kidneys 
did not suffer and the clinical analysis of the urine did not dis- 
close signs of pathology. 

Changes in degree of glycemia in hypodynamia is explained mcst 
simply of all by 'deconditioning of the body and the disturbances 



i n  r e g u l a t i o n  of blood sugar  c o n t e n t  caused by it, It is  p o s s i b l e  
t h a t  t h e  dec rease  i n  g lucose  consumption by t h e  muscles and t h e  
n a t u r e  of  t h e  food p l a y  a d e f i n i t i v e  r o l e .  According t o  a number 
of s t u d i e s ,  t h e  r e s u l t s  of  which were c o r r e l a t e d  by L, G. Leybson 
(1969). t h e  glycemia l e v e l  of well-condit ioned a t h l e t e s  remains 
c o n s t a n t ,  even when performing l a r g e  p h y s i c a l  workloads. However, 

I i f  t h e  l o a d  does n o t  correspond t o  t h e  degree  of cond i t ion ing  of t h e  
hurnan body, t h e  blood sugar  con ten t  i n i t i a l l y  i n c r e a s e s  and, a t  t h e  
end of  performing t h e  work, when t h e  s t r e n g t h  is a l r e a d y  exi. ~ t c d ,  i hypoglycemia develops. Of course ,  no th ing  s i m i l a r  occurs  dur ing  
prolonged l i m i t a t i o n  o f  movement. A s  a r e s u l t  of  d e c m d i t i o n i n g  of  / I82 
t h e  body, even smal l  s t i m u l i ,  which a r e  unnoticed under normal con- 
d i t i o n s ,  prove t o  be capable  of changing t h e  blood sugar  con ten t .  
Th i s  can be expla ined by i n c r e a s e  ir %ha glycemia lmvel a t  t h e  end of 
a test  and immediately a f t e r  t h e  end of it, i n  s u b j e c t s ,  n o t  employ- 
i n g  p rophy lac t i c  measures. Evident ly ,  even t h e  f a c t  of  f i n i s h i n g  t h e  
tes t  and changing from a h o r i z o n t a l  p o s i t i o n  t o  t h e  v e r t i c a l  was a 
s i g n i f i c a n t  s t imulus  f o r  them. 

There was a s i m i l a r ,  b u t  c l e a r e r  p i c t u r e  dur ing  t h e  space f l i g h t  
i n  t h e  S a l y u t  o r b i t a l  s t a t i o n .  W e  do n o t  kncw a l l  t h e  c i rcumstances ,  
preceding blood sampling on t h e  22nd day of  t h e  f l j - g h t ,  b u t  it might 
be  thought  t h a t ,  even i f  t h e r e  was some reason favor ing  an i n c r e a s e  
i n  blood sugar  con ten t ,  it would n o t  have caused such a sharp  
glycemia under o t h e r  cond i t ions .  I t  is i n t e r e s t i n g  t h a t ,  on t h e  1 5 t h  
day of  t h e  f l i g h t ,  t h e  sugar  c o n t e n t  d i e  n o t  inc rease .  If such - /183 k : 
r e s u l t s  a r e  obta ined i n  o t h e r  space f l i g h t s ,  t h s  blood sugar  c o n t e n t  1 
can be  used a s  a t e s t ,  f o r  e s t a b l i s h i n g  t h a t  f l i g h t  l eng th ,  a t  which 
changes set  i n  i n  r e g u l a t i o n  of  t h e  metabol ic  processes .  O f  course ,  
t h i s  ques t ion  can only  be asked,  from t h e  d a t a  of one f l i g h t .  

I n  a s imula t ion  experiment,  wi th  "pure" hypodynamia (series V), 
t h e  n o n e s t e r i f i e d  f a t t y  a c i d  con ten t  i n  t h e  blood serum increased ,  
when t h o s e  examined assumed t h e  v e r t i c a l  p o s i t i o n .  Using p h y s i c a l  
workloads and e l e c t r i c a l  s t i m u l a t i o n  dur ing  hypodynamia (series I V  
and V I ) ,  t h i s  i n c r e a s e  was s u c c e s s f u l l y  prevented. Although t h e  
r e s u l t s  of s t u d i e s ,  c a r r i e d  o u t  on only  t h r e e  s u b j e c t s ,  a r e  i n s u f f i -  
c i e n t  f o r  f f n a l  conclus ions ,  it must b e  noted t h a t  a d i s t i n c t  
i n c r e a s e  was noted i n  a l l  s u b j e c t s ,  be ing  much more than  1000 p e q / l  /I85 
i n  each  one o f  them, i.e., an amount ve ry  r a r e l y  observed i n  h e a l t h y  
people.  

Nanes te r i f i ed  f a t t z  a c i d s ,  j u s t  l i k e  g lucose ,  a r e  primary 
sources  of energy f o r  t h e  t i s s u e s .  Adrenal in is capab le  of inc reas -  
ing  t h e  concen t ra t ions  of t h e s e  a c i d s ,  t o  t h e  same e x t e n t  a s  it 
i n c r e a s e s  glycemia, I n  t h e  m a j o r i t y  o f  f u n c t i o n a l  s t a t e s ,  t h e  
dynamics of n o n e s t e r i f i e d  f a t t y  a c i d e  concen t ra t ion  are t h e  i n v e r s e  
of t h e  g lucose  concen t ra t ion  dynamics (T. A.  Orlova, 1969).  These 
r e l a t i o n s h i p s  can be  observed i n  test  series V I I ;  bo th  t h e  sugar  and 
a c i d  c o n t e n t  (see Table 51) were p r a c t i c a l l y  t h e  same on t h e  1 0 t h  
and 20th days of t h e  test  a s  b e f o r e  t h e  s t a r t  of it, b u t  t h e  sugar  
con ten t  decreased s h a r p l y  and t h e  a c i d  increasedon t h e  29th day 
(day be fo re  t h e  end of  t h e  t e s t ) .  From t h e  f u n c t i o n a l  p o i n t  of view, 
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these relationships are understandable, since both substances are 
a source of energy for the same processes, Sicce there was a simu- 
taneous increase in both glucose and nonesterified fatty acid content 
after the end of the model test with hypodynamia (series V), it is 
most likely that both reactions are mediated through the adrenal 
system. 

In simulation tests, when the subjects ate a ration similar to 
the onboard ration of the astronauts, 2700-2900 kcal per day, the 
increase in cholesterol content was distinct by the third week of 
the experiment; in some cases, it stabilized, and it continued to 
increase in others. After the end of the tests, the cholesterol 
level remained elevated for several more weeks. In the test series 
with regular hospital food, there was no increase in degree of 
cholesterinemia (series VII). In the majority of cases, brief 
flights led to a small increase in blood cholesterol content, but 
this increase was statistically insignificant overall (see Table 5 3 ) .  
After the 18-day flight, the blood cholesterol level of A. G. 
Nikolayev increased from 206 to 226 mg %, and that of V. I. 
Sevast'yanov decreased from 170 to 136 mg %. It is interesting to 
note that the weight recovery of V. I. Sevast'yanov after the 
flight took place quite slowly, and that his loss during the flight 
was connected, not only with dehydration, but with protein catabo- 
lism processes. A. G. Nikolayev recovered weight considerably more 
quickly after the flight. Apparently, the different directions of 
the postflight changes in cholesterol content are connected with the I 
facts observed. According to the data of American investigators, I 

after the Apollo flights (Berry, 1971;, the degree of cholesteri- 
nemia decreased. During the Salyut fiight, the cholesterol content 
of the astronauts decreased. It is possible that this is connected 
with the fact that the actual food consumption was low, 1500-2000 
kcal per day. The role of nutrition can be decided from the follow- 
ing example: The blood cholesterol content of all six participants 
in test series IV and V increased. Sh. had the smallest change 
in it (from 200 to 215 mg % ) .  Nitrogen elimination of this subject, 
with the same ration during the entire test, was 16.9 g per day, on 
the average, while it was 13-14 g/day, for the remaining subjects in 
this series. Sh. was the most developed physically, and his energy 
expenditure in performing the physical workload was the largest; 
therefore, the calorie value of the ration apparently proved to be 
inadequate, in connection with which there was an increise in tissue 
protein catabolism. 

As is well known, cholesterol forms in the body, in the intes- 
tines, liver and in the intima of the vessels; moreover, it comes in 
with food. According to the research of Malinow, et al,, (1969), 
ci~olesterol breakdown is closely connected with muscle activity. 
Evidently, a decrease in it, with high energy value foods, is a /I86 
direct cause of hypercholesterinernia. Electrical stimulation of 
the muscles, activating metabolic processes in them, creates a 



unique imitator of muscle contractions, which, although it does not 
lead to the same consumption of energy as an actual muscle contrac- 
tion, it is the starting mechanism of a complex change of metabolic 
processes, connecteii with cholesterol breakdown. ~ypocholesterinemia, 
with hyperdynamia in the simulation tests, may also be connected with 
a decrease in the thyroid gland function. An indirect co~firmation 
of this possibility is the decrease in basal metabolism under these 
conditions (M. I. Mikhasev, et al., 1960). 

From uhe practical point of view, it is very important to give 
a correct evaluation of the results of studies of blood cholesterol 
content, although all aspects of the pathophysiological mechanisms 
of this phenomenon cannot now be interpreted. 

The blood cholesterol level is not directly connected with th,? 
appearance of atherosclerosis; however, with a high content of it, 
the probability of various disturbances of the cardiovascular system 
increases. A sharp increase in blood cholesterol content during 
a period of several weeks is considered to be undesirable, since it 
may favor development of atherosclerotic lesions which remain after 
the cholesterol content becomes normal. 

If the cause of hypercholesterinemia in simulation experiments 
is the energy excess of the ration, this question becomes especially 
urgent during flights. As a matter of fact, a nutritional insuffi- 
ciency leads to a risgative nitrogen balance, which apparently took 
place during t.9e flight of Gemini 7 (Lutwak, et al., 1969), and an 
excess, to hypercholesteri~emia. Both weaken the functional 
capabilities of the body. 

It is difficult to precisely balance the energy consumption and 
calorie value of the ration: "earth" standards can be adopted, only 
with great reservations. An astronaut is cverloaded with work during 
a flight, which requires neuroemotional stress. He must ensure 
navigation of the craft and performance of scientific research 
progrms. The stay under weightlessness shows up in the equatorial 
function of the gastrointestional tract. This all leads to the 
situation, that the eccustomed stimuli affecting t h i r s t  and a p p e t i t e  
change. As a result, the very fine equilibrium between energy 
expenditures and food intake is disturbed; therefore, further working 
out of indices of sufficiency in nutrition is very important, The 
blood cholesterol level may possibly prove to be a useful criterion 
in this respect. 

The informativeness of the research methods used can be noted 
in summarizing the work. Using them, it was successfully shown that 
the blood sugar content during a space flight and during simulation 
of it on earth is maintained with less constancy than under normal 



conditions, which may be connected with a decrease in conditioning 
of the body, 

Similar results obtained in study of the nonesterified fatty 
acid content. The increase in urea content, which occurred both 
during the flight and in ground experiments apparently is connected 
with change in the functional state of the kidneys. The increase 
in cholesterol content is most correctly explained by the excess 
nutrition. This index can be used for evaluating the onboard rations. 

7. Effect of We!ghtlessness on Mineral 
Satwation of Bone Tissue N75 23121 
In distinction from other tissues, bone tissue is rich in /187 

mineral salts. The skeleton not only provides the support-notor 
function, but it is a unique depot of the calcium and phosphorous 
salts, necessary to maintain the ionic equilibrium of the internal 
medium of the body. About 98% of all mineral salts of the body are 
in the bon e tissue. 

The shape and structure of the bones are continually in a state 
of dynamic development, and they are continually rebuilding and 
changing during the entire life of man and animals, depending on 
the internal and external influences. As the ~ o r k  of domestic . . ,. 
investigators has shown, the support-motcr function performed by it, 
as well as the constant action of the  muscles on them, are of great 
importance in formation of the structures of individual bones (B. A.  1 
Dolgo-Saburov, 1930; A. T. Zorbunov, 1938). 

The bony tissl~r reacts very sensitively to various functional 
shifts occurring in the body. The effect of the central nervous 
system, blo~d circulation, endocrine system, as well as nutrition and 
living ccilditions, on the structure of bones, is well known. 

Dernineralization of the skeleton unavoidably sets in, in patients 
forced to stay in bed a long time, i.e., osteoporosis develops. 
Osteoporosis is encountered quite often in the clinic. It is the 
almost constant companion of various diseases and traumatic injuries 
(S. A. Reynberg, 1964). 

Disruption of the mineral metabolism in bony tissue and de*:elopfl88 
ment of osteopoxosis also is observed in a healthy man, if he is in 
a state of limited muscle activityfsxa prolonged period (bed rest, 
immobilization with plaster, silbmerged in water, etc.) (Ye. N. 
Biryukov, 1967; I. G. Krasnykh, 1969; Whedon, 1964; Vogt, et al., 
1965; Mack, 1965; Dick, 1966; Rodahl, et al., 1966, and others). 

Many investigators consider the c~use of disruption of mineral 
metabolism in the bones under hypodynamic conditions to be functional 



underloading of the support-motor apparatus and the accompanying 
neurotrophic, hormonal, hanodynamic and other disturbances CS, A, 
Reynberg, 1964; Ye, N. Biryukov, 1967; Howard, et al., 19451 Frost, 
1964). 

On the basis of clinical observation data of domestic and foreign 
authors, at the beginning of the 196O8s, when the conquest of space 
by man began, the hypothesis was expressed, of possible deminerali- 
zation of the bony tissue, during a long stay under weightless 
conditions, in connection with a considerable underload on the skele- 
ton. Subsequent studies of human bone density after returning from 
space completely confirmed the correctness of this hypothesis. 
Even a brief stay of man in weightlessness sharply affects the mineral 
saturation of bone tissue (Mack, 1966; Lutwak, 1966; Whedon, 1966)- 
Thus, after a four-day stay under weightless conditions, the loss of 
calcium salts in the calcaneus of the Gemini 4 pilot and spacecraft 1189 
commander was 6 and 9.5%, respectively, and it was over 10% in the 
phalanges of the left hand tKlass, 1965). With am increase of flight 
duration to 8 days, the maximum decalcification of the akele40n of 
the Gemini 5 spacecraft commander was 15% in the calcaneus and 20% 
in the hands (Mack, 1966). 

As Ye. N. Biryckov (1967), Ye. N. Bixyukov and G. I. Kozyrevskaya 
(1967) showed, the loss in the mineral component of the calcaneus of 
two dogs, which were in space in the Kosnlos 110 biological satellite 3. 
for 22 days, was 10 and 11%. 

8 
In our research, the dynamics of change in mineral saturation 

of the bone tissue of the Soyuz 4, Soyuz 5, Soyuz 9 spacecraft and 
the Salyut orbital station crews were studied. 

Determination of the degree of mineralization of the bone 
tissue was carried out by X-ray photometry (Mack, et al., 1927, 1939, 
1949). This method allows the mineralization of bony tissue to be 
estimated quantkatively, by the degree of darkening of the X-ray 
film, with respect to the density of a graduated reference wedge, 
made of ivory, and photographed on the same X-ray photo as the bone 
being studied. This method makes it possible to record shifts in 
mineralizatics 9f the bone tissue on the order of 1-3% (Mack, et al., 
1939; I. G. Sharabrina, 1958; R. S. Abrosimova, 1954, 1956, 1958). 

We determinea the mineral saturation of the bone tissue of the 
ast:wnauts in the right calcaneus and in the basilar phalanges of 
the right hand, i.e., of bones of the skeleton under different 
functionaL conditions. Besides, it was important for the research 
that the layer of soft tissues covering these bones be small. 

X-ray photography of the right calcaneus was carried out in 
the lateral, and of the right hand, in the anterior-posterior 
projections, together with the reference wedge, made of cattle bones 
with previously determined bone density, expressed Ln milligrm.8 



of phosphorous-calcium s a l t s  p e r  mm2 i n  each  s e c t i o n  of it, 

X-ray photography was c a r r i e d  o u t  on t h e  same equipment,  w i t h  
i d e n t i c a l  v o l t a g e s  and c u r r e n t  s t r e n g t h  on t h e  t u b e ,  a s  w e l l  a s  
exposures and f i l t e r s ,  on f i l m  of  a s i n g l e  series. A deve lope r ,  
p r epa red  t h e  day b e f o r e  t h e  s t u d y  was used  f o r  development;  develop-  
ment t i m e  was s t r i c t l y  ma in t a ined ,  i n  t h i s  c a s e .  

Photometry o f  t h e  X-ray photos  was c a r r i e d  o u t ,  u s i n g  a MF-2 
microphotometer ,  of  t h e  X-ray image o f  t h e  r i g h t  c a l c a n e u s ,  i n  t h e  
c e n t r a l  segment and a t  t h e  b a s e s  o f  t h e  f i r s t  pha langes  c f  t h e  
r i g h t  hand. 

F i y .  51. X-ray photo  02 r i g h t  c a l c a n e u s  w i t h  r e f e r e n c e  
wedge. Photometry was c a r r i e d  o u t  i n  t h e  s e c t i o n  of t h e  
c e n t r a l  segment o f  t h e  bone d e s i g n a t e d .  

100-150 p o i n t s  were de te rmined  i n  t h e  c e n t r a l  sesment of  t h e  
r i q h t  ca l caneus  (F ig .  51) and 25-30 p o i n t s ,  a t  t h e  b a s e s  \qf t h e  f i r s t  
pha langes  (F ig .  5 2 ) .  The d a t a  ob ta ined  on a l l  p o i n t s  i n  each  bone 
were summed, and t h e  average  d e n s i t y  was t h e n  c a l c u l a t e d ,  On t h e  
b a s i s  of comparison of  t h e  average  d e n s i t i e s  b e f o r e  and a f t e r  a f l i g h t ,  
t h e  p e r c e n t  d e c r e a s e  o r  i n c r e a s e  i n  r r ~ i n e r a l  s a t u r a t i o n  of t h e  bone 
t i s s u e  was c a l c u l a t e d .  

The r e s u l t s  o f  s t u d y  of  m i n e r a l  s a t u r a t i o n  of bone t i s s u e  of t h e  
Soyuz 4 ,  Soyuz 5 and Soyuz 9 s p a c e c r a f t  crews a r e  p r e s e n t e d  i n  Tab le  
54. 
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It is evident from Table 

Fig. 52. X-ray photo of right hand, 
with reference wedge. Photometry 
was conducted in the designated 
sections of the bases of the first 
phalanges of fingers II-V. 

54 that the degree of minerali- 
zation of the right calcaneus 
of V. A. Shatalov, B, V. 
Volynov and Ye. V. Khrunov 
decreased negligibly, by 4.65%, 
on the average, after three 
day's weightlessness. That of 
A.  S. Yeliseyev remained at the 
preflight level. In the basilar 
phalanges affingersI1-V of the 
right hand, the changes were 
still smaller than in the cal- 
caneus, 1.3-2.5%, on the 
average. The optical density 
of  the calcaneus of A.  G. 
Nikolayev and V. I. Sevastvyanov 
was 0.5 and 9.6%, respectively, 
below the initial level. Uni- 
directional changes, indicat- /190 
ing loss of calcium and 
phosphorous salts, were noted 
in the basilar phalanges  of 
fingers II-V of the right hand, 
as well. Y9ese losses were 
3.7-6.8%, 01, the average. 
Examination on the 22nd dzy of 
the period of readaptation to 
earth conditions disclosed an 
increase in density in all parts 
of the skeleton studied. H ~ W -  
ever, this period proved to be 
insufficient for complete 
recovery of the initial level 
of mineralization of the bone 
tissues. This can be explained 
p~rtially by the fact that the 

functional load on the support-motor apparatus also was lirnit2d in 
this pericd, to a certain extent. Similar observations were noted 
earlier by Klass (1965), after the flight of Gemini 3 .  Complete 
recovery of the initial leve~ of bone mass of the crew members had 
not occurred, fven by the 50th day of the postfli$~t period, 

Before analyzing the data of the research on bone tissue density 
of the Salyut orbital station crew, the following remark must be 
made; Only the right calcaneus was studied in the postflight period. 
Moreover, for reasons beyond the control of the author, it was not 
possible to carry out radiological studies in the postflight period, 
which were identical to those of the baseline stu8les. In this 
connection, the reliability of our data may be reduced to a certain 
extent. 



TABLE 54 

C M G E  IN MINERAL SATURATION OF BONE TISSUE (in %) OF 
SOYUZ 4, SOYUZ s AND SOYUZ 9 SPACECRAFT CREW MEMBERS 

V. A. S h k 1 0 ~  
B. V. Bol otr 
A. S. ~ e l E e y e v  
Ye. V. Khrunov 
A. G. Nikolayev ' 

V. I. Sevart'yanov 

Note: 1. - is a gecrease; +, an increase in mineral 
saturation of bone tissue. This refers to all 
subsequent tables. 2. Study of the Soyuz 9 
crew members was carried out jointly with Ye. N. 
Biryukov. 

After the fliqht of the Salyut orbital station, the calcaneus 
optical densitjes of all crew members was below the initial 
level; that of G. T. ~obrovol'skiy by 18.2%, of V, N, Volkov by 
18.7%, of V, I. Patsayev by 13.78 and an average of 16.8%. 

Thus, the increase in stay time of man under weightless 
conditions also led to an increase in the degree of decalcification 
of bone tissue. 

While the losses of mineral sqlts were negligible in crew 
members of the Soyuz 4 and Soyuz 5 spacecraft, the flight length of 
which was three days, with a sixfold increase in flight duration 
(18 days), decalcification of the calcaneus of the Soyuz 9 crew 
members doubled on the average and in the hand, almost tripled. 
With further increase in flight duration to 24 days, tile degree of 
decalcification of the calcaneus doubled again. 

From the data examined, it is clear that the demineralization /191 
process begins very early under welghtless conditions and progresees 
rapidly. Z :  is interesting that demineralization under these con- 
ditions takes place at a higher rate than during hypodynamia. 
According to the data of Klass (1965), to ob a ~ n  the same degree 
of demineralization as that of the Gemini 4 spacecraft crew menbers, 
by control tests on earth, required 30 days of bed rest, with 
restriction of motor activity. 

It is appropriate to introduce our data, obtained in observationc 
of healthy people, staying under hypodynamia for a long time (bed 
rest) on earth, to compare them with the results obtained after a 
stay in space (Table 55). 



TABLE 55 

CANGE IN MINERAL D;:NSITY OF RIGHT CALCANEUS (in %) IN 
HYPOUYNAMIA OF DIFFERENT DURATIONS 

Note: The numbers in parentheses is the number of subjects; 
average data are in the denominator. 

It follows from Table 55 that hypodynamia for a period of 20 
days and the same ration, as that consumed by the astronauts, led to 
the degree of demineralization of the calcaneus observed in Soyuz 9 
crew members, during a long 18-day flight, and the average index 
of calcium salt loss in the calcaneus of the Salyut crew mexrbers 
was twice that on earth. The cxtent of decalcification with increase 
Ic Zuration of hypodyna~ia on earth, from 20 to 70 days, Lncreased id 
very slowly (3% in 50 days) ; in the next 30 days (iOO-day hypo- t 
dynamia), it increased noticeably, and it was morc than double the 
70-day loss. 

Consequently, in ccmparing data .... of bone density, 
obtained in studies of spacecraft crew m~mbers, after the action of 
weightlessneas on them, with materials obtained on earth during 
prolon,ed hypodynamia, it is clearly seen that the rate of increase 
in demineralization of the skeleton is accelerated under weight- 
lessness. This appears espectally in longer stays under space 
conditions. How reliable these data are or, to state it another way, 
are there conunon patterns, which will be confirmed 5y subsequent 1 

flights, in the small number of observations at the present time, 
the confidence in which cannot be stated. Accumulation en6 generali- 
zation of material on space flights of the same or longer duration 
is necessary. Yowever, from our point of view, the loss of calc!,cn 
and phosphorous salts in the bones of the Soyuz 9 and Salyut crew 
members studied can hardly be considered to be unexpc-ted. A 
demonstration of this is the data of Mack (1966), mentioned above, 
which established that the loss of calcium salts by the bones of 
the Gemini 5 crew members in an 8-day stay in weightlessness was 
almost the same as that of the Salyut crew ~~embers, though the 1192 
stay time under weight.lessness was one-third ns long. 



The question is, will the extent of decalcification increase 
in proportion to the increase in length of a space flight, as might 
be thought, or will it remain at some stable level? How do these 
changes in degree of mineralizaticn show up in strength of the 
skeleton, and will they lead to damage to the bones in the g-forces 
upon return to earth? 

It should be considered at the same time that, as a result 
of marked and long calcium disturbances, a r~umber of other physio- 
logical functions of the body may also be disrupted (see section 1, 
Chapter 6). Moreover, prolonged calcinemia snd increased elimina- 
tion of calcium with the urine may cause formation of idney stones 
along the urine elimination pathways, calcification G the walls of 
the vessels, ligaments, muscles, etc. (L. I. Kakurifi, V, S. 
Katkovskiy, 1966; Cockett, 1964; Berry, 1967, and others), 

In the opinions of specialists studying bone pathology, 
the main links in the mechanism of decalcification of the skeleton 
on earth are neurotrophic disorders, removal of loads along the 
vertical axis of the body to the bone-joint apparatus and decrease 
in the effect of muscle contractionon it, local and general hemo- 
dynamfc disoriiers, endocrine disorders, etc. (D. G. Rokhlin, 1945; 
A. V. Rusakov, 1947; G. A.  Zedgenidze, 1953; Howard, et al., 1945; 
Dunning, Plum, 1957; Frost, 1964, and others). 

, - 
:4' 

It must be assumed that the same pathophysiological mechanisms 
as those which lead to depletion of mineral salts from bone tissue 
act under weightless conditions. However, individual aspects of 

I 
these disorders are expressed more clearly under weightlessnpss 
than on earth, An example might be the complete removal of loads 
on the bone-joint and muscle systems. In all likelihood, the 
rapidly advancing and progressing demineralization of the skeletal 
bones in weightlessness should be explained by this. 

It must be noted in, conclusion that the experimental materials 
preser-ted introduce the urgent necessity for conduct of further, 
coxiprehensive studies of calcium metabolism during space flights 
arid in experiments on earth, and also of searching for effective 
prophylactic measures. In our opinion, prophylactic measures must 
be developed in the followincj areas. First, the possibi1.ity of 
preserving locomotor activity must be sought, by means of using 
physical exercises; second, pharmacological preparations must be 
prescri~ed and, finally, the possibility of use of the food ration 
to normalize calcium a.ild phosphorous metabolism must be studied. 

In carrying cut prophylactic measures, it should also be kc ti 
in mind that disruptioi; of the calcium and phosphorous metabolim 
must be considered to be an individual link in the change of water- 



s a  l t  metabolism, which is appreciably disturbed under weightless 
conditions. In this connection, prophylactic measures, for pre- 
vention of loss of the mineral component of bony tissae, shou:d be 
a component part of measures to normalize the general metabolism, 
including the water-salt. 



CHAPTER 4 

MOTOR REACTIONS IN WEIGHTLESSNESS 

1. Methods of Body Orientation in Space 
in the Absence of Support Under 
Weightless Conditions 

Orientation of t?~e human body in space in the absence of a /193 
support under weightless conditions is one of the urgent problems 
of space biomechanic;~. Weightless conditions cause significant 
readjustment of the movement coordinating structvre. The greatest 
changes in coordination are sustained in the unsupported position, 
when the pcasibility of the accustomed interaction with external 
forces dis6ppears from an astronaut. It is not advisable in all 
cases, for an a3tronaut to use technical devices for stabilization 
of his body in the required position, for turns relative to the 
longitudinal (on course) transverse (pitch) and front-rear (bank) 
axes, for control of body torsion in "free floating." Early mastery 
of methods of orienting the body in unsupported space by the astro- 
nauts, which are simple to perform and effective in results, using 
special cycles of movement of the extremities, facilitates these 
tasks and, in a number of cases, frzesthe hands for performing work. 

During extravehicular activity, even with a tether, control of 
rotation of the body about its three axes presented A. A .  Leonov 
with certain difficulties. A detailed analysis of the kinematic 
picture of extravehicular activities has been performed by Ye. A. 
Ivanov, V. A. Popov and L. S. Khachsturyants (1968) (see Chapter 6 
of this book). 

V. StepantsovJI. Yeremin and S. Alekperov (1965, 1969) theoreti- 
cally substantiated and tested a number of methods of turning the 
body around its axes, using the basic principles of the biomechanics 
of the unsupported position, under experimental conditions, on the 
Zukovskiy "stool," trampoline and in brief weightlessness. 

Before the fundamental studies of V. L. Kirpichev (1907), an /leC-J 
indirect interpretation of the law of conservation of momentum (the 
law of constant areas) led biomechanicists to the conclusion that it 
was impossible to turn the body in unsupported space. V. L. Kirpichev 
proposed a method of turning the body around the longitudinal axis, 
by means of cone-shaped motions of one arm above the head. This 
proposal retains its importance in stabilization of the body and 
in twists of it in open space. For excmple, when a twist develops, 
it can be stopped by a rotary motion of the arms in the direction 



of t h e  t w i s t  i n  t h e  same plane ,  s i n c e  t h e  remainder o f  t h e  body 
w i l l  t u r n  i n  t h e  oppos i t e  d i r e c t i o n .  It i s  completely obvious t h a t  
movements o f  both  hands o r  l e g s ,  a s  w e l l  as o t h e r  p a r t s  of t h e  body, 
r e l a t i v e  t o  each o t h e r ,  can be  used f o r  o r i e n t i n g  t h e  body i n  space.  
Turns can be executed around, n o t  on ly  t h e  l o n g i t u d i n a l ,  b u t  t h e  
o t h e r  axes  of  t h e  body, t h e  t r a n s v e r s e  and f r o n t - r e a r .  

I n  o r d e r  t o  work o u t  e f f i c i e n t  t y p e s  (methods) of mututil move- 
ments of p a r t s  of  t h e  body, f o r  t h e  purpose o f  o r i e n t i n g  it i n  space,  
t h e  v a l u e s  and r a t i o s  of t h e  moments o f  i n e r t i a  of l i n k s  of t h e  body 
must be ob ta ined  i n  v a r i o u s  combinations, f i r s t  of a l l .  The b a s i c  
t h e o r e t i c a l  c a l c u l a t i o n s  have been c a r r i e d  o u t ,  i n  accordance w i t h  
t h e  theorem of  S h t e i n e r ,  by t h e  formula: 

where IO is  t h e  moment of  i n e r t i a  of  t h e  body ( l i n k )  r e l a t i v e  t o  an  
a r b i t r a r y  a x i s  0, Ic is  t h e  moment o f  i n e r t i a  r e l a t i v e  t o  t h e  a x i s  
pass ing  through t h e  c e n t e r  of mass o f  t h e  body ( l i n k ) ,  m is  t h e  mass 
of t h e  body and a is t h e  d i s t a n c e  from t h e  c e n t e r  o f  mass t o  t h e  
0 a x i s .  

The moment o f  i n e r t i a  r e l a t i v e  t o  t h e  a x i s  pass ing  through t h e  
c e n t e r  of mass c f  t h e  body ( l i n k )  was determined, according t o  t h e  
d a t a  of Braune and F icher  (1890),  by t h e  formula: 

where 1 i s  t h e  l eng th  of t h e  body ( l i n k ) .  

W e  have determined t h e  average moments of  i n e r t i a  of t h e  body 
and i n d i v i d u a l  p a r t s  of  it, r e l a t i v e  t o  v a r i o u s  axes ,  and t h e i r  
r a t i o s ,  f o r  a  man 168-172 c m  t a l l ,  weighing 70-75 kg, by t h e o r e t i c a l  
c a l c u l a t i o n s  and exper imenta l  s t u d i e s  (Table 56) .  I n  p a r t i c u l a r ,  
t h e  r a t i o  of t h e  moment o f  i n e r t i a  of  a  s t r a i g h t  arm t o  t h e  moment 
of  i n e r t i a  of  t h e  remaining p a r t  of  t h e  body i n  t h e  s t r a i g h t e n e d  
p o s i t i o n ,  r e l a t i v e  t o  t h e  t r a n s v e r s e  a x i s  05 t h e  shou l  er j o i n t s  
(Xs) i s  1/20, on t h e  average ,  i. e. , 1.2 kgxn t o  24 kgmq and, i n  t h e  
bunched-up p o s i t i o n ,  1/10. Based on t h e  e q u a l i t y  of t h e  vomenta 
of  t h e s e  p a r t s  o f  t h e  body, t h e  ang le  t o  which t h e  body t u r n s  i n  
moving t h e  s t r a i g h t a m s c a n  e a s i l y  be  determined. Thus, r o t a t i n g  
t h e  arm by 180° upward i n  t h e  s a g i t t a l  p lane  t u r n s  t h e  body i n  t h e  
o p p o s i t e  d i r e c t i o n  (forward)  by 1/20 of t h e  ang le ,  by an ang le  of go.  
The dec rease  i n  moment o f  i n e r t i a  of  t h e  body t o  h a l f  by bunching 
up pe rmi t s  an 18' t u r n .  

The r a t i o  of  t h e  moments of  i n e r t i a  o f  t h e  extended arms and 
t h e  remaining p a r t  of t h e  body, r e l a t i v e  t o  t h e  f r o n t - r e a r  a x i s  of 
t h e  shoulder  j o i n t s  (2,) is  1/44-1/50. With t h e  body ben t  a t  t h e  
h i p s  t o  an ang le  of  90-100°, t h e  moment of  i n e r t i a  of t h e  l e g s  



TABLE 56 

AVERAGE MOMENT OF INERTIA OF BODY Ai?D ITS PARTS (kgm2) 
RELATIVE TO THE AXES 

bmnt of ~ n e r t i a  Relative to the Axes -- -- - - . - - - 
P a r t  of hiY 

1 

S~aightmed .ody 1 1.2-1.4 17.0-18.0 I 17.0--18.0 I ----- I - 
Bead, rrunk and 

rum8 1 0,55~-0.65 I 3.8--4.4 I I 
3 . 8 ~ - 4 . 4  j 

Straight Arrm, 

Straiqht Leg., I 
I 

~ e g s ,  separated in I I 

i i 
- 

S .aightened body, 
I arm8 de- 

I / ~ ~ Z . l . o - ? * . n  
duc_ted - 

bunched up I I ' S s---- 12.0-14.4 

y w i t h  one arm 
d ucted 9 
Legs i n  "anglem 
p&ion t o  the 1 3 . 4  1 3 8 -4 .4  1 0 . 5 0 4 . 5 5  1 

r e l a t i v e  t o  t h e  l o n g i t u d i n a l  a x i s  o f  t h e  t runk  ( 3 . 8 - 4 . 4  kgm2) is 
approximately 7-8 times g r e a t e r  than  t h e  moment o f  i n e r t i a  of t h e  
remaining p a r t  of  t h e  body (0.55 kgm2) and, on t h e  o t h e r  hand, t h e  
moment of i n e r t i a  of  t h e  head, t runk  and arms r e l a t i v e  t o  t h e  longi -  
t u d i n a l  a x i s  of t h e  legs i s  approximately a s  many t i m e s  g r e a t e r  than  
t h e  moment of  i n e r t L a  of t h e  l e g s  r e l a t i v e  t o  t h e i r  l o n g i t u d i n a l  
a x i s .  The r a t i o  of t h e  moments o f  i n e r t i a  of  t h e  s t r a i g h t  arms 
extended to  t h e  s i d e  and t h e  remaining p a r t  of t h e  body, r e l a t i v e  /195 
t o  t h e  l o n g i t u d i n a l  a x i s  o f  t h e  shoulder  j o i n t s  (YS) is approxi- 
mately 1 /6 .  

Thus, f o r  p r a c t i c a l  purposes,  t h e  r a t i o s  of t h e  moments of 
i c e r t i a  of i n t e r a c t i n c  p a r t s  of t h e  body must be known, and it must 
be remembered t h a t  t h e i r  movements always a r e  i n  oppos i t e  d i r e c t i o n s .  
It should a l s o  be po in ted  o u t  t h a t ,  i n  p r a c t i c e ,  work i n  space w i l l  
mst o f t e n  encounter  t h e  need f o r  t u r n i n g  t h e  body around t h e  longi -  
t u d i n a l  o r  t r a n s v e r s e  a x i s .  W'th t h e  body v e r t i c a l ,  t h e  p lane  of  
218 



motion of the arms will be horizontal. In everyday life, movements 
in this plane are encountered most often, and the anatomical- 
physiological peculiarities of man favor completion of turns of the 
body around the longitudinal axis. 

To precisely define and select the most efficient method of 
turning the body around its axes, in addition to the studies con- 
ducted earlier on the Zhukovskiy "stool" and the trampoline, a series 
of experiments were performed with 8 subjects in brief weightlessness, 
during flight in the aircraft-laboratory along a Kepler parabola and1196 
on 4 subjects in a water medium, as one weightlessness simulator, 
where it is possible for the subjects to work out cycles of movements 
of the arms and legs without a time Seficit. 

In order to determine the angle to which a body turns in 
performance of tasks by the subjects in brief weightlessness, motion 
picture photography was carried out, at 24 frames per second, against 
a background of a scale grid, in which the body of the suiject was 
located, so that the plane of the turn was parallel to the plane of 
the motion-picture film. In a number of cases, photography of 
motion was used, with different locations of the body relative to 
the motion-picture camera, for study of peculiarities of the turn, 
as well as for elimination of external forces, connected with 
"purity" of reproduction of the weightlessness mode. ? 

Since, while performing tasks under weightless conditions, the i 

subjects ware a protective parachute helmet on the head, parachuie 
boots on the feet and a parachute system on the trunk, in making 
the comparison of the theoretical calculations with the experimental 
data, first, the additional equipment was takec into consideration 
and, second, inaccuracies in task performance, connected with a 
liinited amplitude of movement and disturbances of st.rict perpendicular 
position of the plane of movement to the body axis. The moment of 
inertia of the head was calculated by the formula for a sphere: 

and the moment of inertia of the trunk, by the formula for a 
parallelipiped 

where a and f3 are mutually perpendicular segments from the axis to 
the outside of the trunk, lying in a plane perpendicular to the 
axis under consideration. 



TABLE 57 

CHARACTERISTICS OF MAIN LINKS OF THE BODY 

Body Link 

I 

Shoulder 

Head 
Trunk 
Pelvis 

I Scale Measurements of Subject B - 
(our data1 

0.3 111 0.07 
0.3327 1 0 . 4 4  I 40 
0. IR3b 0.273 22 

Individual singularities of body structure also were evaluated; 
they were determined by scale measurem~nts by the method of Bern- 
shteyn. The relative mass of the pelvis, length of pelvis and 
location of center of mass of the pelvis also were determined. It 
turned out that the pelvis actually brings the legs up to half the/197 
mass of the body. Consequently, the upper and lower halves of the 
body, like two links of a kinematic pair, equal each other in mass; 
their centers of mass are at equal distances from the common center 
of mass of the body, and they are naturally joined at the place of 
greatest flexibility of the spine (the waist). The characteristics 
of the links of the extremities were selected, depending on the 
individual singularities of the subject, according to Harless (1876) 
or N. A. Bernshteyn (1934) (Table 57). Thus, according to Harless, 
the relative mass of the hand was 0.0589, of the legs 0.174, and the 
distance from the proximal end to the center of mass of the link was 
0.47 and 0.41 of its length, respectively. 

With several examples, we analyze the basic principles of 
plotting movement cycles. Kinograms of orientation of the body 
around the longitudinal axis, by the schemes of V. L. Kirpichev 
(a, b) and R. V. Polya (c, d), are presented in Fig. 53. Thus, to 
turn around the longitudinal axis (on course) by 180°, by the method 
of Kirpichev and Polya, 5-6 cone-shaped movements of the am,s have 
to be made. However, as an analysis of the kinograms of execution 
of these movements shows, the body, although negligibly, will turn 
around the other two axes. Moreover, wearing a spacesuit, with the 
additional limitations on mobility and with the necessity for addi- 
tional efforts to overcome its resistance, execution of circular 
movements of the arms will encounter serious difficulties. 



Pig. 53. Body orientation around longitudinal axis 
according to scheme of Kirpicllev (a, b) and Polya (c, dl: 
a,  c) on Zhukovskiy "stool"; b, 6 )  in unsupported position 
on trampoline. 

As the experiments demonstrated, movements of the extremities 
in the plane perpendicular to the axis of rotation are more effi- 
cient and simpler to sccomplish. In developing methods of turning, 
it is advisable to ~roceed from movements of two arms or legs in 
a single direction, opposite to the direction of rotation of the 
remaining part of the body, the basic motion of the cycle, but the 
preparatory motion of the cycle is characterized by returning the 
extremities to the initial position in opposite directions, in the 
plane parallel to the axis of rotation. Thus, for exh~tple, to turn 
to the left around the longitudinal axis, an initial position must 
be taken, in which the right a m  is extended ahead and the left, as 
far back as it can be moved. One cycle of this turn consists 

ORIGIXAL PAGE IS 
OF i-'OOR QUALITY 



Fig. 54. Body orientation in unsupported position on 
trampoline, on course, method of Stepantsov-Yeryemin 
(alarm motion, b, "scissors"), with subjects pitching 
(c) and ba1,king (d) . 

of the basic and preparatory phase of arm movements. In the basic 
phase, the arms move full range to the rigkt, in theplaneperpendicu- 
lar to the longitudinal axis of the body, i.e., by the side, so that 
the right arm occupies the backward position and the left, the for- 
ward, at the end of the basic phase (Fig. 54a, frames 1-3). If we 
return the arms to the initla?. position by the same path, the Cody 
again turns to the initial position. So that this does not happen, 
the arms are returned to the initial position in the preparatory 
phase in opposite directions, in planes parallel to t.he axis of 
rotation, i.e., through the down position (frmes 3 ,  4). For 
orientation of 180° to the course by this methcd, aboat three 
cycles of movement of the arms must be made. As experience 



under weightless conditions has shown, a sufficiently trained 
subject executes one cycle of movement in one sec on an average, 
which permits him to turn 180° in 3 sec. On the trampoline, with 
good training, a subject succeeded in turning 160° i!l two arm 
movement cycles in 1 sec. Using the movement of onc arm, he turned 
to a smaller angle (60-70°). 

1 

S.  A. Alekperov (1954), studying the '-echnique of executing 
1 

two-arm turns on the bars, calculated a method of rotation around 
the longitudinal axis with alternating turns of the upper and lower 
halves of the body. In rotating the lower half of the boiiy, the 
arms are moved out to the side, which increases the moment of inert.a 
of the upper half of the body, and a turn of the lower half o f  the 
body to a larger angle takes place, than the tura of the upper /158 - 
half of the body in the opposite direction. The arms then are 
brought to the trunk, and the legs axe separated to the sides, an2 
the man turns the trunk in the necessary direction. Here, the iower 
part of the body has a larger moment of inertia and its counter- 
rotation will be less. Calculations have shown that, by repeating 
these movements alternately, a man can turn 180' in three cycles. 
However, practically, this method is inefficient and difficult to 
execute, since coordination is complicated and turning by 1-80° 
requires more than 5 sec. 

Turns around the longitudinal axis of the body by movements 
of the legs are more efficient and simpler to execute (V. I. 
Stc!pantsov, A. V. Yeryemin, 1969). In this case, two versions of 
the, initial position can be recommended. In case it is necessary 
to turn on course by no more than 90°, it is advisable to separate 
the. legs to the side ("spread eagle"), to an angle of approximately 
00--70°, and then make the turn. In this initial position, the /I99 - 
mor~ent of inertia of the legs relative to the longitudinal axis of 
the body is approximately 5-6 times larger than the moment of inertia 
of the remainder of the body. In connection with this, in turning 
the head, trunk and arms 90° in the required direction, the legs are 
rnovl?d in the opposite direction, to an angle, one-fifth or one- 
sixth cf that, i.e., 15-18O, simultaneously completing the accompany- 
ing rotary motions in the direction of the turn around their Longi- 
tudinal axes. Further movement of the legs in the same direction 
and, consequently, the turn itself are limited by the anatomical 
singularities of the structure of the motor apparatus of a man. 

When orientation movements on course by more than 90° are 
required, the other version of the initial position sbould be used: 
separate the legs in the front-rear direction  scissor^") by an 
angle of 120-140'. In turning to the left side, the right leg must 
be forward (see Fig. 54b) and, inversely, in turning to the right 1200 
side, the left leg must be forward. A 160' turn can be made in one 
cycle from this initial position, since the moment of inertia of 
the legs in this case is 7-8 tines greater than the moment of inertia 
of the remainder of the body. 



Study of movement. in a water medium has peculiarities. The 
basic peculiarity is that the subject must execute movements slowly 
and turn the hands, so that they do not form paddles. Besides, 
body stabilization in the initial position is improved in water, by 
the damping effect of the dense medium. ~ 

TABLE 58 

BODY ORIENTATION AROUND LONGITUDINAL AXIS OF SUBJECT B BY 
VARIOUS METHODS IN WATER MEDIUM AND WEIGHTLESSNESS 

Turning 

Am mv-nts Weight 30 I I... I 

Movements 

I Weight I = 
s - m @ o ~ - l  water I 

Yeryemin: 
2-Am 

Weight Maireaunt laro 
nems , 

L e g r  "Spread Water 
~ ~ 1 . ~ ~  *;:.hi / 

9.70 BOdy S t r d g h t r  
0.80 T e n r e ,  Bend 
0175 at  Elbow 
0.40 i n ~ w ; t  
0.45 
0.40 Above Head. 

Body S t r a i g h t  
ened 

Body Straight 
ened 

ck. in- / coq! "'9 ete spread 
ins of leg8 



Turns of the body around the longitudinal axis are of the i 

greatest practical interest (Table 58). Moreover, torsion of the ! 
body arises more easily around the longitudinal axis, since its /201 ! 
moment of inertia is asproximately 1/13 that around the other axes. ! 

The methods of Kirpichev, Polya and Stepantsov-Yeryemin were 
tested in a water medium. In executing body turns by other methcGs, 
the a~gle turnr were less in all cases, than under weightless 
conditions, acd the time for execution of a movement cycle increase 
by 1-1/2 - 2-!./2 times. 

Body turns by movement of both arms is more effective. Thus, 1 
a bcdy turn by the Stepantsov-Yeremin method was 52-56' in weight- 
lessness and 43-48O in water. However, leg movements are more i 

efficient , when the ar~ns of the astronaut are free for motion- i 
picture photography or for doing other types of work. ! 

I 
A 160' turn can be made, by using the "scissorsn method. Subject 1 

B attained an angle of 120°, since he separated his legs in the front- 
rear direction insufficientiy and bent them. The same error was 
typical of other subjects, which is additional evidence af the 
necessity for special training in both water and weightlessness. i 1 
Moreover, the "small scissors" method is of great practical im- 
portance in performing body turns in open space, when the space- 
suit limits movements of the joir~ts. 

It is advisable to carry out orientation of the body around 
the front-rear axis, i.e., banking, by mc-.lements of the arms, in 
connection with restricted mobility of the legs in the frontal plane 
(Table 59). The mornentsofinertia of the two arms is 1/20-1/23 of 
the remainder of the body in the straightened position, and lj1G- 
1/12, with the body bunched up. In those cases, when one hand is 
busy, the turn can be accomplished by circular movements of the , 

other hand in the frontal plane, in the direction opposite to the 
turn of the body. 

The calculations carried out and studies in weightlessness 
have shown that 4-5 circular movements o: the arm must be made to 
turn the straightened body to a 35-40' bank. 

If the moment of inertia of the arms is increased with a load 
(0.7 kg hamm?r), it is sufficient to make 1-1/4 turns, to turn 
about to the same angle (see Fig. 54d) When it is undesirable 
to carry the hands in front of the face and the turn must be 
accompli-hed more strictly in tlie frontal plane, movement of both 
arms in lateral arcs can be used. In the initial. position, to 
turn to the left, the right arm is raised upward, the left is 
lowered, and the calculate6 angle of change of position of the arms 
in one cycle is 9O and 18O, when bunched up. This method also is 
m x e  convenient with the spacesuit. In the auxiliary phase, the 

1 arm movements are accomplished towards each other, while bending 
the elbows and bringing the arms to the trunk, to the maximum 
extent poseible. 



TABLE 59 

BODY ORIENT'ATION AROUND FRONT-REAR AND TRANSVERSE AXES 
OF THE BODY OF SUBJECT B UNDER WEIGHTLESS CONDITIONS 

About front-rear axis 

Circular move 
msnt of arm 

in frontal 
plane 

Move- t of 
b o t h h i n  
lateral arcs 

Lateral arc 
movemqn t 

bod sem- 4" 
buncxed up) 

No 
load 

load( 

&out transverse axis 

Circular am ' mvement m I l&d 
sagittal  ! plane 

Two-arm for- 
ward ar 
movements 
(bod semi- 
bUn$ed up) 

7.4 1 4 

No 
load 

22 
48 
20 

14 
29 
45 

26 
28 
29 

16 

16 

! 1 - 

H 
3 

I 
2 
3 

2 
2 
2 

.--.- I - 

14 
14.5 
15 

13 
14 
14.5 

0.65 I 

,3.54 ackward t u n )  
0.52 with forward 
0.50 bend of hips* 



Turns of  t h e  body around t h e  t r a n s v e r s e  a x i s  ( p i t c h )  by c i rcu-  
l a r  movements of  one arm f r e q u e n t l y  causes  a  s imultaneous t u r n  of 
t h e  body on course.  The t u r n i n g  ang le  of  t h e  body i s  about  6 O ,  

w i th  a  c a l c u l a t e d  ang le  of  7.4' (see Table 5 9 ) .  

C i r c u l a r  movements of  both  arms i n  t h e  s a g i t t a l  p lane  a r e  most 
e f f i c i e n t  wi th  t h e  body bunched up. To t u r n  by an ang le  of 90°, 
depending on t h e  mobi l i ty  of  t h e  shou lde r  j o i n t ,  r e q u i r e s  2-1/2 - 
3-1/2 c y c l e s  and, i n  o r i e n t a t i o n  o f  t h e  s t r a i g h t  body, b u t  haviag  
t o o l s  i n  t h e  hands, i t  can be turned by 45-SO0 i n  one c y c l e  of arm 
movements (see Fig.  54c) .  While working i n  a  s p a c e s u i t ,  it i s  more 
convenient t o  execute  t h e  arm movements i n  f r o n t  arcs, r e t u r n i n g  t h e  
hands t o  t h e  i n i t i a l  p o s i t i o n  through t h e  s i d e .  

Thus, conduct of experiments  on t h e  Zhukovskiy " s t o o l , "  /2 02 
trampolines,  i n  water  and i n  we igh t l e s sness  i n  Kepler parabola  
f l i g h t s ,  have confirmed t h e  c o r r e c t n e s s  of  t h e  t h e o r e t i c a l  calcu-  
l a t i o n s  and t h e  p o s s i b i l i t y  o f  o r i e n t i n g  t h e  body r e l a t i v e  t o  t h r e e  
coordinate  axes,  e x c l u s i v e l y  by means of  o n e ' s  own muscuiar e f f o r t s ,  
witbout  t h e  a i d  of t e c h n i c a l  devices .  The b e s t  methods o f  body 
o r i e n t a t i o n  r e l a t i v e  t o  t h e  l o n g i t u d i n a l  axes a r e  t h e  Stepantsov- 
Yeryemin methods: by movements of bo th  arms, "spread eag le"  and /203 
" s c i s s o r s "  wi th  t h e  l e g s  and, when wearing t h e  s p a c e s u i t ,  t h e  " s m a l l  1 
s c i s s o r s "  method. Body o r i e n t a t i o n  around t h e  f r o n t - r e a r  a x i s  rcust 
be accomplisted only  w i t h  c i r c u l a r  movements of  one arm o r  by t h e  
l a t e r a l  a r c  method. I n  t u r n i n g  t h e  body around t h e  t r a n s v e r s e  a x i s ,  
t h e  n o s t  e f f i c i e n t  method is  c i r c u l a r  movements o f  t h e  arms wi th  t h e  
body bunched up and, i n  t h e  s p a c e s u i t ,  movements of  both  arms i n  
f r o n t  a rcs .  Having a  t o o l ,  motion-picture caxera  o r  o t h e r  a d d i t i o n a l  
mass i n  t h e  hands f a c i l i t a t e s  t u r n i n g  o f  t h e  body. 

A s  a  r e s u l t  o f  conduct o f  a  comparative a n a l l - s i s  of  execut ion  
of body o r i e n t a t i o n  i n  space i n  water  and i n  we igh t l e s sness ,  by 
d i f f e r e n t  methods, t h e  a d v i s a b i l i t y  has  been determined of us ing  
water  a s  one of t h e  s t a g e s  of t h e  t r a i n i n g  p rocess ,  s i n c e  t h e r e  is  
no t i m e  d e f i c i t  i n  water  t r a i n i n g ,  and t h e  water  r e s i s t a n c e  shows up 
n e g l i g i b l y  i n  master ing  t h e  e x e r c i s e c ,  wi th  low r a t e s  of movement 
of t h e  e x t r e m i t i e s .  

The exper ience  accumulated i n  t r a i n i n g  s u b j e c t s  i n  methods of 
body o r i e n t a t i o n  i n  space i n d i c a t e s  t h e  n e c e s s i t y  of  c l e a r  planning 
of t h e  t r a i n i n g  process.  A f t e r  t h e o r e t i c a l  f a m i l i a r i z a t i o n  wi th  t h e  
p r i n c i p l e s  of body o r i e n t a t i o n  i n  space and reviewing t r a i n i n g  
f i l m s ,  p r a c t i c a l  mastery of t h e  body o r i e n t a t i o n  methods should 
begin wi th  working o u t  o f  t h e  i n d i v i d u a l  elements  on t h e  Zhukovskiy 
" s t o o l . "  Then, t h e  cor rec tnessandsequence  of  n~ovements a r e  care-  
f u l l y  mastered i n  wa te r ,  and t h e  motor s k i l l s  a r e  then  r e i n f o r c e d  
under t ime d e f i c i t  cond i t ions ,  on t h e  v a u l t i n g  b a r s ,  t rampol ines ,  
and, i n  t h e  concluding s t a g e  of  t r a i n i n g ,  t h e  methods of  o r i e n t i n g  
t h e  body i n  space i n  weight lessness  a r e  worked o u t  i n  l abora to ry -  
a i r c r a f t ,  w i th  and wi thout  t h e  s p a c e s u i t  and wi th  and wi thout  a  load.  



2.  Motor A c t i v i t y  of Ast ronauts  i n  
Unsupported S t a t e  

The unsupported p o s i t i o n  i s  p o s s i b l e ,  when a man is under 
w e i g h t l e s s  c o n d i t i o n s ,  whi le  reproducing them i n  ground test s t a n d s  
("Roman t u r r e t , "  l i f t i n g  dev ices ,  swings, e tc . ) ,  dur ing  f l i g h t s  i n  
f l i g h t  v e h i c l e s  a long  a p a r a b o l i c  t r a j e c t o r y  and i n  a r t i f i c i a l  
e a r t h  s a t e l l i t e s .  The l o n g e s t  unsupported s t a t e  i s  provided by t h e  
l a t t e r  method. 

Q u i t e  e x t e n s i v e  informat ion  h a s  now been ob ta ined  on t h e  
phys io log ica l  r e a c t i o n s  of people i n  prolonged we igh t l e s sness  (0 .  G. 
Gazenko, 1963; N. M. Sisakyan,  V. I. Yazdovskiy, 1963, 1964; I. I. 
Kas'yan, e t  a l . ,  1964a, 1964b, and o t h e r s ) .  However, t h e  q u e s t i o n  
o f  t h e  r e a c t i o n s  of people i n  t h e  unsupported p o s i t i o n ,  n e v e r t h e l e s s ,  
has  been inadequate ly  deal: with. A s  a r u l e ,  t h e  a s t r o n a u t s  have 
been w e l l  secured  t o  t h e  workin? p l a c e s  i n  o r b i t a l  f l i g h t s ,  and they  
have had suppor t  (chai rback,  h a l t e r s ,  etc.) i n  performing one 
opera t ion  o r  another .  I n  case  t h e  a s t r o n a u t s  a r e  n o t  connected,  t h e y  
a l s o  could  n o t  move about  t h e  s p a c e c r a f t  cab in ,  because of t h e  
l i m i t e d  n a t u r e  o f  t h e  space.  I n  connect ion wi th  t h i s ,  t h e  o r b i t a l  
f l i g h t s  of  P. I. Belyayev and A. A. Leonov, and of Ye. V. Khrunov 
and A. S. Yeliseyev,  a r e  of excep t iona l  importance; dur ing  t h e s e  
f l i g h t s ,  a s t r o n a u t  A. A. Leonov wentout  i n t o  c i r c u m t e r r e s t r i a l  
space f o r  t h e  first t i m e  i n  h i s t o r y ,  and a s t r o n a u t s  Y e .  V. Khrunov 
and A. S. Yeliseyev t r a n s f e r r e d  from one c r a f t  t o  t h e  o t h e r .  A s  /204 
i s  w e l l  known, t h e  f l i g h t  of  P. I. Belyayev and A. A. Leonov i n  
Voskhod 2 was preceded by a long p repara to ry  pe r iod ,  dur ing  which 
t h e  a s t r o n a u t s  methodica l ly  worked o u t  t h e  f l i g h t  t a s k .  Considerabie  
informat ion  was ob ta ined  dur ing  t h e i r  a i r c r a f t  f l i g h t s  a long a 
p a r a b o l i c  curve.  

Examinations were c a r r i e d  o u t  i n  a l a b o r a t o r y - a i r c r a f t ,  equipped 
w i t h  a Voskhod 2 mock-up and mock-ups o f  Soyuz 4 and Soyuz 5. Up t o  
25-30 sec of  we igh t l e s sness  was reproduced dur ing  a p a r a b o l i c  f l i g h t .  
I n  execut ing  t h e  b a s i c  s t a g e  of  t h e  f l i g h t  t a s k ,  going o u t  of  t h e  
s p a c e c r a f t  and r e t u r n i n g  t o  it, before  e n t e r i n g  t h e  a i r l o c k ,  A. A. 
Leonov had t o  p u t  on t h e  backpack wi th  automatic  l i f e  suppor t  
systems and hook himself  up t o  it and, t o g e t h e r  w i t h  s p a c e c r a f t  
commander a s t r o n a u t  P. I. Belyayev, conduct a check of  t h e  equipment, 
providing f o r  going o u t  o f  t h e  s p a c e c r a f t ,  and e q u a l i z e  t h e  p r e s s u r e  
i n  t h e  a i r l o c k  and s p a c e c r a f t  cabin .  Then, A. A. Leonov went i n t o  
t h e  a i r l o c k ,  where he had t o  check t h e  c l o s u r e  of  t h e  s e a l e d  helmet ,  
t h e  l i g h t  f i l t e r  p o s i t i o n ,  s p a c e s u i t  s e a l  and oxygen supply. A t  
t h i s ,  P. I. Belyayev, c losed  t h e  cabin  ha tch  cover ,  dropped t h e  
p r e s s u r e  i n  t h e  a i r l o c k  and opened t h e  e x i t  ha tch  cover  i n  t h e  a i r -  
lock.  A. A. Leonov had t o  l e a v e  t h e  c r a f t  through t h e  a i r l o c k  
ha tch ,  make t h e  requ i red  nurriber of moves away from and approaches 
t o  t h e  a i r l o c k  under w e i g h t l e s s  c o n d i t i o n s  and r e t u r n .  



I t  fo l lows from an a n a l y s i s  of  t h e  t a s k  t h a t  approximately s i x  
working o p e r a t i o n s  were performed by t h e  a s t r o n a u t s  whi le  immobilized 
a t  t h e  work p l a c e  ( p i l o t s  c h a i r ) ,  e i y h t  o p e r a t i o n s  i n  t h e  unsecured 
s t a t e ,  i n  movement abcu t  t h e  cabin  and a i r l o c k ,  and f o u r  working 
o p e r a t i o n s  i n  t h e  unsupported p o s i t i o n ,  a f t e r  l eav ing  t h e  s p a c e c r a f t  
mock-up, when t h e  a s t r o n a u t s  executed moves away from and approaches 
t o  t h e  s p a c e c r a f t  a i r l o c k ,  " c o i l e d  up" t h e  t e t h e r  and worked w i t h  
t h e  motion-picture camera. 

P e c u l i a r i t i e s  of t h e  performance of  work by t h e  Soyuz 4 and 
Soyuz 5 crews i n  semiunsupported space  (suppor t  by t h e  hands on ly  on 
t h e  h a n d r a i l s  a t t a c h e d  t o  t h e  s p a c e c r a f t  mock-up s k i n )  should be 
cons idered  t o  b e  t h e  purposeful  movement of t h e  a s t r o n a u t s  from t h e  
ha tch  o f  t h e  pass ive  t o  t h e  ha tch  o f  t h e  a c t i v e  c r a f t  and t h e  
n e c e s s i t y  of performing a g r e a t  amount o f  a d d i t i o n  work (remova:, 
t r a n s f e r  and i n s t a l l a t i o n  of t h e  motion-picture camera, inspection 
work, e tc . ) ,  dur ing  t h e  r e g u l a r  t r a n s f e r  from one c r a f t  t o  t h e  
o t h e r .  

Continuous medical and procedura l  obse rva t ions  of  t h e  a s t r o n a u t s  
w e r e c a r r i e d o u t  dur ing  t h e  a i r c r a f t  f l i g h t s .  I n  t h i s  case, t h e  
q u a l i t y  of t a s k  execut ion  was eva lua ted ,  chronometry of t h e  succeed- 
ing  elements  of t h e  e x e r c i s e s  was conducted, motion-picture 
photography was accomplished and t h e  p u l s e  and r e s p i r a t i o n  r a t e s  
were recorded. 

A s  a r e s u l t  of  t h e  s t u d i e s ,  it was determined t h a t  secur ing  
t o  t h e  working p lace  i n s u r e s  s u f f i c i e n t l y  h igh  q u a l i t y  performance 
of t h e  s i x  e x e r c i s e s  provided f o r  i n  t h e  program. I n  t h e  f i r s t  two 
f l i g h t s ,  i n s i g n i f i c a n t  changes of  f i n e l y  coordinated  movements, 
missing t h e  t a r g e t ,  etc., by A. A.  Leonov and P. I. Belyayev were 
observed, and they  were absen t  i n  succeeding f l i g h t s .  

Exerc ises  under w e i g h t l e s s  c o n d i t i o n s ,  wi th  movements i n s i d e  
t h e  c r a f t  and a i r l o c k ,  were more d i f f i c u l t  t o  perform. Th i s  i s  
expla ined by t h e  f a c t  t h a t  t h e  a s t r o n a u t s  were depr ived of  r e l i a b l e  
suppor t  t o  a c e r t a i n  e x t e n t  ( they  were i n  c o n t a c t  w i t h  t h e  s i d e  of 
t h e  c r a f t )  and t h e  n a t u r e  of  t h e  work was more complicated. It  
requi red  a t  l e a s t  2-3 f i i q h t s  on a p a r a b o l i c  curve ,  t o  work o u t  t h e  
movements through t h e  ha tch .  Ferformance q u a l i t y  deperided g r e a t l y  on 

/205 s y m m e t r y  of pushes on t h e  w a l l s  of  t h e  c r a f t  o r  a i r l o c k .  With 
s t r o n g  pushes, s l i p p i n g  through t h e  a i r l o c k  was q u i t e  f a s t ;  however, 
t h e  t h r e a t  a r o s e  of s t r i k i n g  surrounding o b j e c t s :  w i t h  weak pushes,  
t h e  e x e r c i s e  f r e q u e n t l y  was n o t  completed.  A second compl ica t ing  
c o n d i t i o l ~  was t h e  presence of s p e c i a l  equipment, t h e  s p a c e s u i t ,  
e s p e c i a l l y  when p r e s s u r e  was ~ a i n t a i n e d  i n  it. The f a c t  t h a t  P. I. 
Belyayev requ i red  f i v e  r e p e t i t i o n s  t o  p e r f e c t  t h e  e x i t  from t h e  
c r a f t  i n t o  t h e  a i r l o c k  e v i d e n t l y  is  expla ined by t h e s e  causes .  
The c r i t e r i o n  of c o r r e c t n e s s  o f  performance o f  an  e x e r c i s e  i n  t h e  
unsupported p o s i t i o n ,  i . e . ,  a f t e r  l eav ing  t h e  a i r l o c k ,  was t h e  
smoothness of moving away and approaching a i r l o c k  wi thout  t u r n i n g  
and t h e  l e n g t h  of time f o r  performance of t h e  t a s k .  



S k i i l s  i n  performing approaches and, e s p e c i a l l y ,  movements 
away were n o t  worked o u t  innnediately. A. A. Leonov, developing i s k i l l s  i n  execut ing  a smooth movement away wi thout  t u r n i n g ,  made 
s i x  a t t empts  and, i n  approaching, four .  I n  t h e  f i r s t  a t t empts ,  t h e  
moving away and approach xovements w e r e  accomplished a b r u p t l y ,  wi th  
t u r n s  of t h e  body i n  both  t h e  v e r t i c a l  and h o r i z o n t a l  axes  of it, 
cnd more t i m e  was taken t o  accomplishment than  i n  t h e  succeeding 
a t t empts  (Table 6 0 ) .  

TABLE 60 

QUALITY OF PERFORMANCE OF MOVEMENTS AWAY AND APPROACHES TO 
THE AIRLOCK BY ASTRONAUT A. A. LEONOL' DURING PARABOLIC 
FLIGHTS IN SPECIAL AIRCRAFT 

Move awav from a i r lock  chamber ( A~~roa&-r 

Repit i  Performance 
Performance Quali Time t ( pua 1 i t y  

m e  t i n c u r a c i e s  0 1 1 n a c c u r y i e s  
sec  observed) number Observed 

Turn backward 
t o  s i d e  

8 D 
D forward 

B t o  s ide  
Move away smooth 
without turn  

1 Same 

1 : :  
1 8 8  

S l i g h t  tu rn  tosidc 
S l igh t  tu rn  back 

G I Same 

Turn t o  s i d e  
Same 

D w 
A~proach smooth 
without turn  

Same * 8 

1 Sideways approach 
I *RE:;:! eRth 
Same 

Thus, i n  t h e  f i r s t  t h r e e  a t t empts  t o  nave away from t h e  a i r l o c k ,  
A. A. Leonov took 19-20 sec and, i n  t h e  succeeding a t t e m p t s ,  
approximately 6-8 sec .  Somewhat d i f f e r e n t  r a t i o s  were observed i n  
chronometry of t h e  approaches. H e  d i d  n o t  succeed i n  dec reas ing  1 2 0 6  
t h e  t i m e ,  i n  r e p e a t i n g  t h e  opera t ion .  On t h e  c o n t r a r y ,  t h e  t i m e  
spen t  i n  performing approaches was less i n  t h e  f i r s t  a t t empts  than  
i n  t h e  succeeding ones ,  which was caused by g r e a t  h a s t e ,  w i t h  a 
r educ t ion  i n  q u a l i t y  of t a s k  performance. The s u b j e c t s  d i d  n o t  
approach t h e  a i r l o c k  s ~ o o t h l y ,  b u t  wi th  j e r k s  and s i d e  and even back 
tu rns .  A t  t h e  end of t h e  t r a i n i n g  c y c l e ,  t h e  movements away and 
approaches were smooth, wi th  optimum t i m e  consumption (Fig .  55 ) .  



As an illustration, we present the 
report of astronaut A. A. Leonov, on his 
feelings in one of the last flights, 
while working out the flight program: 
"The flight was tolerated well. Felt no 
unpleasant sensations. Feelings the same 
as were observed earlier, during flights 
in weightlessness. The spacesuit limits 
movements somewhat, and the helmet 
decreases the field of view. Approaches 
to the airlock were performed easily, 
since I tightened the tether and, there- 
by, created a point of support and 
designated the direction of movement. 
Ppproaches and inovements away should be 
done smoothly. Any work apparently can 
be performed in weightlessness, without 
noticeable disruption of motor coordina- 
tion, with the most negligible point of 
support. " 

An analysis of the material, carried 
out by I. A. Kolosov and I. F. Chekidra 
(1967), showed that the time for per- ,.',.* 
formance of separate operations by Ye. V. 
Khrunov and A. S. Yeliseyev, during the 

I 
transfer from one craft to the other, in 
the semiunsupported situation, also 
differed. Thus, in transferring the 
snap-hook from one handle to another, 
A. S. Yeliseyev and V. M. Kubasov took 
24 and 22 sec, respectively, and Ye. V. 
KhrunovandV. V. Gorbatko, 3 and 3.5 sec. 
The transfer from the mock-up of one 
craft to the mock-up of the other also 
was executed in various times. While 
Ye. V. Khrunov and V. V. Gorbatko took 
23 and dl sec, respectively, A. S. 
Yeliseyev and V. M. Kur, .sov took 74 and 
79 sec to perform this work. This ccn 
be explair.ed by the fact that Ye. V. 
Khrunov an2 V. V. Gorbatko already had 
more experience in working under weight- 

Fig. 55. Astronaut A. A. Leonov while 
perfecting movement away from airlock 
under conditions of brief weightlessness. 
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less conditions, at the beginning of the training sessions. There- 
fore, especially ir, the first parabolic flight, their motor 
coordination was better than that of the other crew members (Fig. 5 6 ) .  

Fig. 56. Transfer of astronaut Ye. V. Khrunov from 
mock-up of one craft to the other during brief weight- 
lessness 

It is interesting to compare this material with data on per- 
formance of these movements under space conditions, during the 
orbital flight in Voskhod 2. As is well known, A. A .  Leonov 
accomplished five movements away and approaches in space, in which 
the very first nove~.ent away was made to a minimum distance, 1 m, 
for the purpose of orientation to the new conditions an6 the 
following ones were of greater extent. Movements away and approaches 
while "floating" free in space were performed in the same sequence 
as during brief weightlessness. There also were body turns to the 
side and backward in the first movements away, and the exercise was 
performed nore correctly and confidently in subsequent movements 
away, which is evidence of the good adaptability of A. A. Leonov to 
weightless conditions an2 lndicates a high quality of perfection of 
motor skills under parabolic flight conditions. In the words of 
astronaut A. A. Leonov, he "went out of the airlock, without the 
least difficulty or effort; there was a little torsion. The craft 
moved slightly to the side and I, to the other. There were no 
differences between weightlessness in the cabin and outside the craft. 



It is more convenient to work outboard than in the craft. It was 
more difficult to return to the craft than to move away from it." 

K. E. Tsiolkovskiy (1919) suggested that orientation would be 
disrupted in the unsupported situation: "It appears t:o man here, 
that up is where his head is and down is by the legs. However, 
since the direction of his body depends on how he establishes it, 1207 
he can establish it as he pleases, and up and down can be anywhere. 
There is nothing simpler than this, because there is no difference 
between them." 

Experience demonstrated that A. A. Leonov, being unsupported in 
weightlessness, did not experience disturbances in orientation in 
space, and his movements were sufficiently coordinated. He fcllowed 
the outer surface of the craft without difficulty, turned on the 
motion-picture camera 2nd demonstrated it before returning to the 
craft, and he performed visual observations of the earth and circum- 
terrestrial space, etc. It is appropriate to state that the American 
astronaut E. White noted approximately the same thing* During the 

1 

four-day flight in Gemini 4, he, like A. A.  Leonou, left the space- t 
craft capsule and stayed about 20 min in unsupported space. E. White 
was connected to the capsule by a 25-foot tether, was equipped with 
two motion-picture cameras and a "space pistol," permitting him to 1 '  maneuver, by means of air jets. As follows from the preliminary 
reports, E. White moved actively in unsupported, circumterrestrial 
space, and he fulfilled the flight task; he did not note appreciable 
disturbances of orientation in space or of motor coori?ination, in 
this case. This is explained by the presence of a support, the 
tether and the near-by spacecraft. Data on acconplishing the trans- 
fer of astronauts from one craft to another is of definite interest. 
Thus, Ye. V. Khrunov, in his transfer in open space, reported: 
"While exiting, it was difficult to bring out the legs, the brackets 
were very close to the seat itself. I began to 'trsnsfert smoothly 
by the arms. In moving along the handhold, motor coordination was 
not disrupted. It was then necessary to pull out the camera, which 
did not come out of the socket. I began to rock it. I rocked with 
one hand and held the handle with the other and removed the movie 
camera. I transferred from one craft to the other without resting." 
A. S. Yeliseyev characterized his transfer thus: "In the transfer 
from spacecraft to spacecraft, there were no special difficulties;/208 
there were greater difficulties in securing inside the craft. The 
securing straps for the legs were made according to our recommendations. 
In order to secure myself, it was necessary to lean on my heels and 
ralse the toes. During the transfer, movement coordination was not 

i 
disrupted in open space. The in~pression is the same as during a 
normal training exercise in the laboratory-aircraft; coolness was 
displayed and posture was controlled." 

During the first familiarization-training flight in weigntless- 
ness, a distinct difference in behavior of the astronauts was dis- 



played, although the program was executed by both of them. Thus, 
while motor and speech activity of P. I. Belyayev was reduced and 
the flight task was performed in longer times, A. A. Leonov performed 
the task, on a background of marked neuroemotional excitement, 
displaying hyperemia of the face and increased motor and speech 
activity. In subsequent flights, the differences in behavior 
practically disappeared, apparently because of extinction of the 
orienting reaction. 

The basic data on the state of the cardiovascular systems of 
P. I. Belyayev and A. A. Leonov are preserited in Table 61. 

TABLE 61 

CHANGE IN PULSE AND RESPIRATION RATE OF ASTRONAUTS DURING 
TRAINING PARABOLIC FLIGHTS 

Secured t o  work place 

Astronaut 

lnf l ight  Post? 
light 

Working out elements of entry and exi t  

A. A. Leonov 79-90 

A 
18 
66 - 
18 

84-90 90-96 100-1 14 7049 102-120 

Note: Limits of variation of pulse ratc (beats per minute) 
in numerator, respiration rate (cycles psr minute) 
in denominator. 

P .I .Belyayev 

A. A. Leonov 

It is clear from the data presented that the pulse and 
respiration rates changed during flight, depending on the flight 
conditions. In the horizontal flight stage, these changes apparently 
were caused mainly by neuroemotional stress. In the g-force /209 
the pulse and respiration rate also increased in all cases, being 
more significant in the period after the action of brief weightless- 
ness on the astronauts. In repeated weightlessness, as a rule, the 

I - -- --- - 
4 15--18 1 18-26 16-18 19 

69-70 84 



pulse slowed down quite regularly from flight to flight, in the 
majority of cases. The arterial pressure changed in accordance with 
the heart rate. During the action of g-forces, the maximum arterial 
pressure increased by 10-30 mm Hg. Under weightless conditions, it 
decreased (sometimes to the initial level), on a background of slowing 
of the pulse. The minimum arterial pressure was practically unchanged. 

In analyzing the data of Tablz 61, no significant differences 
could be found in the direction of change in pulse and respiration 
rates of the astronauts, depending on being secured. This apparently 
is explained by considerable neuroemotional stress in first flights 
and the different program of activity of the astronauts in the flight, 
as a result of which, the shift caused by ilnxnobilization of the 
astronauts kept to the background. 

The physiological reactions observed in P. I. Belyayev and A. A. 
Leonov during aircraft flight along the parabolic curve, were 
practically the same as the reactions of other Soviet ast.ronauts 
(I. I. Kas'yan, et al., 1964, and others). However, in performing 
work in the spacesuit (during the regular transfer from one craft to 
the other), for Ye. V. Khrunov and A. S. Yeliseyev, a more marked 
quickening of the pulse was observed, to 131.224.5 per minute, 1210 
compared with data obtained in control test flights (without space- 
suit). 

The same regularity was displayed in analysis of the results 
of the space experiments, with some singularities. 

Thus, the pulse rate of Ye. V. Khrunov during the transfer from 
one craft to the other in cpen space varied within 104-154 per 
minute and that of A .  S. Yeliseyev, 135-145 per minute. At the same 
time, the pulse of V. A.  Shatalov increased to 94-100 per minute. 
The quickening of the pulses of the astronauts is connected, not only 
with great neuroemotional stress, but with performing vaxious 
operations, during the transfer from one craft to the other. 

During parabolic flights in weightlessness, the state of the 
motor analyzer of the astronauts also was studied. The time for 
performance of a specific movement, the length of time the "pencil" 
was in contact with the coordinograph contacts and the preservation 
of the assigned muscle effort of 750 g were measured. Considering 
that the nethod of examination has been described in detail (I. I. 
Kas'yan, et al., 1964, and others), we point out that the rate of 
performance of motor acts by A. A. Leonov during g-forces and 
weightlessness decreased from the initial value (Table 6 2 ) .  

In performing the test with a fixed muscle effort in various 
periods of fligilt, no significant diiferences were revealed in 
either astronaut. The time reflexes worked out by the astronauts 



TABLE 62 

MOTOR ACTIVITY OF ASTRONAUTS DURING KEPLER PARABOLA 
FLIGHT (average figures) 

'Total Time for Completion of Corn- , Contact Timo ofup- 
p l u  Movement on 

Astronaut 
g-Force 
after 

On Earth Weight 
lessness 

----- 
I 

Note: Range of fluctuation of indices in denominator, 
average data in numerator. 

under ground conditions (20 sec intervals) were retained under 
weightless conditions. 

Analysis of the state of the vestibular analyzers of P. I. 
Belyayev and A. A. Leonov showed that, after flights in weightless- 
ness, the duration of the illusion of counterrotation and post- 
rotational nystagmns decreased noticeably, with this phenomenon 
being more masked in P. I. Belyayev (Table 63) . 

TABLE 63 

CHANGE IN DURATION OF POSTROTATIONAL NYSTAGMUS AND 
COUNTERROTATION ILLUSIONS (in seconds) BEFORE: AND AFTER 
KEPLER TRAJECTORY FLIGHTS 

-~ -- -- 

I ' Postrotational I Comt.rmmtion 
I Illusion -. _ _  _ _ , _ .... _______-- - 

Astronaut 

- . -- 
P. I. I 12 10 I I0 1 i 
Belyayev 7 t i i  8 1  ) 

I 

A. A. I I? j I? j I I  
IIeOnov ' !  6 , !t 5 



The latter is explained by individual differences in resistance 
to vestibular effects. A ,  I. Gorshkov and Ye. M. Yuganov (1964) 1211 
first noticed the difference in nystagmus time under weightless con- 
ditions. They expalined this by an increase in the reciprocal effects 
of the otoliths on the semicircular canals under weightiless conditions. 
Somewhat later, I. A. Kolosov and V. I. Kcpanev (1966) extended these 
ideas. It was determined in their studies that shortening of the 
period of nystagmus and counterrotation illusions depends greatly on 
the resistance of the subjects to weightlessness. In the case of 
reduced resistance, shortening is expressed to a significantly smaller 
degree or is not observed at all. The reciprocal effects of these 
persons nder weightless conditions apparently either do not change 
or are even somewhat weakened. 

It can be concluded from the results of vestibular examination 
of A. A. Leonov and P. I. Belyayev that their stability in weightless- 
ness was quite high. 

In a medical examination of the astronauts after aircraft flights 
on a parabolic curve, no significant deviations were disclosed on 
the part of the cardiovascular or respiratory systems. In the 
majority of cases, a negligible slowing of the pulse and some re- 
duction of the maximum arterial pressure of A. A. Leonov were observed. 
In performing familiarization-training fliyhts in the spacesuit, an 
appreciable quickening of the pulse was noted most frequently 

i 

(Table 64) . 
The material presented on ,?hysiological reactions of the astro- 

nauts in the unsupported position showed that these reactions do not 
differ significantly from the reactions noted in Soviet astronauts, 
who had £lot.-n briefly under conditions of both brief (during the 
training period) and long (during orbital space flight) weightlessness. 
There were only differences of degrees in expression of the physio- 
logical shifts. However, it should not be forgotten, that ncither 
A. A. Leonov, Ye. V. Khrunov, A. S. YeliseyevnorE. White were in a 
truly unsupported position. The tether assisted A. A. Leonov and 
E. White in orientation in space and in accomplishment of the 
necessary working operations. Additional studies must clearly be 
conducted, for the purpose of developing the physiological reactions 
in the unsupported position in detail. 

The time is now ripe for the necessary simulation of astronaut 
activities under ground conditions, building mock-ups of spacecraft 
and stations, by means of which 6ocking units can be perfected in 
parabolic flight and repair work can be carried out inside and on /212 - 
the surface of the model (welding, riveting, cutting and severing 
metal, etc.) . 

The following conclusions can be drawn from study cf the physio- 
logical reactions of the astronauts in unsupported space. 



TABLE 6 4  

PULSE AND RESPIRATION RATE AND ARTERIAL PRESSURE BEFORE 
AND AFTER PARABOLIC FLIGHTS 

I I Pulse Rate. I Res~iratjnn I . Utarial 
l ~ l i ~ h t  bear/min ' ' ' Presswe: 

- * HQ - I Before 1 Aftmr 

I - - . -. - - 
Without spacesuit and paspiny 

I through airluck I I 

Without spaceouit and passing 
I I through airlock I I I 

I - 

In spacesuit, airlock stage 

In spacesuit, airlock stage 

IRO/;O 
I?X!iO 
I 
115/;0 
115!;0 

P.  I. Belyayev I I 7h 72 

GO 

- -  Upon leaving the craft in circumterrestrisl space and 
transferring from one craft to another, coordination of movement, 
orientation and performance capacity of the astronauts were not 
significantly disrupted; 

125/70 
120/fi0 
Il0,'7@ 
113/70 
112/t;5 

A. A. L ~ O ~ O V  I 

1 5 

-- To perfect finely coordinated movements in moving away from 
the spacecraft and approaching it, at least 4-6 repetitions are 
necessary, under weightless conditions; 

60 
t i ( )  
64 
55 
54 

l;5 
65 
72 
60 
GO 

I8 
20 
18 
10 

-- The direction of the physiological shifts are identical to 
the data obtained in training other Soviet astronauts, and it is 
characterized by an increase in pulse and respiration rate and ac 
increase in arterial pressure under g-forces, a gradual decrease i,n 
these indices during repeated stays in weightlessness or during the 
prolonged effect of it, by a reduction of the length of post- 
rotational nys'agrnus and counterrotation iPlusions under weightless 
conditions and by negligible shifts in the motor analyzer. 
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19 
I4 
I2 
lo 
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I H 
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I? 
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I0 
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9 .  \,!TO 
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3. B i o e l e c t r i c  A c t i v i t y  of S k e l e t a l  
Musculatrlre under Condit ions o f  N75 - 23124 CI Y 

A l t e r n a t i n g  Action of g-Forces 
and Weightlessness 

A s  is w e l l  known, t h e  t anus  of t h e  s k e l e t a l  musculature /213 
c r e a t e s  t h e  i n i t i a l  background f o r  a c t i v e  motor a c t i v i t i e s  of  a 
man and is  a response r e a c t i o n  t o  t h e  e f f e c t s  of  mechanical f a c t o r s ,  
f i r s t  and foremost,  t h e  f o r c e  of q r a v i t y .  I t  is  completely obvious 
t h a t  any change i n  t h e  e f f e c t  of g r a v i t y  ( i n c r e a s e  o r  dec rease )  must 
cause corresponding changes i n  t h e  muscle tonus ,  which, i n  t u r n ,  
can be r e f l e c t e d  i n  coord ina t ion  of movement and performance c a p a c i t y  
of a  man i n  f l i g h t .  Among many i n d i c e s  c h a r a c t e r i z i n g  t h e  tonus  of 
t h e  musculature,  t h e  b i o e l e c t r i c  a c t i v i t y  of  t h e  muscles i s  an 
important one. Electromyography, a l though it is n o t  one of t h e  
methods of d i r e c t  tonometry, it permi ts  s tudy of t h e  e f f e c t  of t h e  
c e n t r a l  nervous formations on t h e  muscles,  a s  a  r e s u l t  of  which t h e r e  
may be  change i n  tonus. 

V. I. Babushkin and co l l eagues  (1958),  were occupied wi th  s tudy  
of t h e  electrical a c t i v i t y  of t h e  s k e l e t a l  musculature of  man under 
condi t ions  of  increased weight;  they  found a d e f i n i t e  dependence 
of  change i n  b i o p o t e n t i a l  amplitude on 9-force va lue .  According t o  
t h e i r  d a t a ,  t h e  b i o c u r r e n t  amplitude inc reased  i n  conformance w i t h  
t h e  i r icrease i n  g-force. I n  t h e  major i ty  of c a s e s ,  an i n c r e a s e  i n  
amplitude was not  observed a t  more than  4-5 g .  During t h e  a c t i o n  of I 

g-forces of cons tan t  ampli tude,  t h e  b i o p o t e n t i a l  ampli tude began t o  
decrease a f t e r  some t i m e .  The au thors  p o i n t  o u t  t h e  t h e  i n c r e a s e  
ir! b i o p o t e n t i a l  amplitude i n d i c a t e s  an i n c r e a s e  of  muscle tonus  of 
a an under g-forces,  and t h a t  it i s  connected p r i m a r i l y  wi th  change 
s t imula t ion  of t h e  propr ioceptors .  I t  is  l o g i c a l  t h a t  changes i n  t h e  
oppos i t e  d i r e c t i o n  may a r i s e  under cond i t ions  of decreased weight .  

A t  p r e s e n t ,  t h e r e  a r e  only  t h e o r e t i c a l  concepts  of t h e  poss i -  
b i l i t y  of change i n  muscle tonus  under we igh t l e s s  c o n d i t i o n s  (Beckh, 
1C56, 1958; Clemedson, 1958; I.ansberg, 1960; Gravel ine ,  e t  a l . ,  1561; 
Lawton, 1960) ,  and t h e r e  is  only  one exper imenta l  work ( Y e .  P. Yuganov, 
e t  a l . ,  1960),  which is  t h e  f i r s t  e f f o r t  a t  s o l u t i o n  of t h i s  problem, 
by means of mechanographical s tuCies .  

In  our  experiments,  t h e  b i o e l e c t r i c  a c t i v i t y  of t h e  musculature 
of animals and man was s t u d i e d ,  dur ing  a l t e r n a t i n g  g-forces  and 
weightlessness.  The a p p r o p r i a t e  c o n d i t i o n s  were reproduced i n  f l i g h t  
along a pa rabo l i c  curve;  i n  t h 5 s  c a s e ,  we igh t l e s sness  l a s t i n g  25-30 
s e c  a l t e r n a t e d  wi th  g- forces  of about 2 u magnitude. Some tests were 
c a r r i e d  o u t  on animals dur ing  v e r k i . c a l  f l i g h t s  of r o c k e t s ,  w i t h  
weight lessness  1 - . - t in9  5-6 minutes and g-forces u~ t c j  6-7 g. 



The s t u d i e s  were c a r r i e d  o u t  wl th  i n t a c t  r a b b i t s  and dogs, a s  
w e l l  a s  w i t h  d e c e r e b r a l i z e d  and labyr in tbectomized cats. 

The animals  were labyr in thectomized 1-10 days b e f o r e  t h e  
experiment,  by i n t r o d u c t i o n  of 1.5% s o l u t i o n  of  monoiodacetic a c i d  
t o  t h e  middle e a r .  The e f f e c t i v e n e s s  o f  t h e  o p e r a t i o n  was determined 
by t h e  behavior o f  t h e  animal.  Der,e .~ebrat ion was c a r r i e d  o u t  1-2 
hours be fo re  t h e  f l i g h t ,  w i t h  pre?.iminary l i g a t i o n  o f  both  c a r o t i d  
a r t e r i e s .  I n  t h e  experiments  w i t i l  r a b b i t s ,  t h e  b i o p o t e n t i a l s  were 
tapped from t h e  r e c t u s  muscles ,; t h e  l e f t  eye,  wi th  lcbe-shaped 
tantalum e l e c t r o d e s .  The anilnals were ; .mobi l i zed  on t h e  r i g h t  
s i d e .  The e l e c t r o d e s  were a d p l i e d  2-3 hours  b e f o r e  t h e  f l i g h t .  
A c u t  was made i n  t h e  mucous membranes of  t h e  eye  (under local 
a n e s t h e s i a ) ,  1 nun from t h e  limb, a f t e r  wliich t h e  mucous membrane /214 
was s t r i p p e d ,  r e v e a l i n g  t h e  upper and lower r e c t u s  muscles,  and t h e  
e l e c t r o d e s  were a p p l i e d  t o  them. 

The b i o e l e c t r i c  a c t i v i t y  of t h e  i n t e r n a l  h i p  muscles of  dogs 
was recorded,  wi th  t h e  animal i m , o b i l i z e d  on t h e  abdomen and on t h e  
back. Tests were conducted on i n t a c t  and labyri :~thectomized animals .  

I n  tests w i t h  d e c e r e b r a l i z e d  and decerebralizsd-labyrinthecto- 
mized c a t s ,  t h e  b i o p o t e n t i a l s  were t ~ k e n  from t h e  f l e x o r  and e x t e n s o r  
muscles of t h e  f r o n t  l imbs. The animals  were inmobil ized on t h e  
back i n  t h e  stanC; t h e  forepaws were f r e e l y  extended ~ ~ p w a r d s ,  and t h e  c 
head was l o c a t e d  a t  an ang le  of 4 5 O  t o  t h e  horizon.  

I n  s t u d i e s  w i t h  human p a r t i c i p a t i o n ,  t h e  b i o l o g i c a l  c u r r e n t s  of 
t h e  neck muscles,  r e c t u s  lnuscles of  t h e  back and h i p  muscles w e r e  
recorded.  The s u b j e c t  s a t ,  l ean ing  a g a i n s t  t h e  hack of t h e  c h a i r ,  
and he was inunobilized wi th  s t r a p s  i n  t h e  region of  t h e  smal l  of t h e  
t a c k  and i n  t h e  reg ion  of t h e  ank le  j o i n t s .  The b i o l o g i c a l  c u r r e n t s  
were recorded through an a m p l i f i e r ,  wi th  a s e n s i t i v i t y  of 5-3-0 uV on 
o s c i l l o g r a p h s ,  a t  a frame movement r a t e  of  12, 60 ,  125 and 250 mm/sec, 
o r  on a t a p e  r e c o r d e r ,  wi th  subsequent decoding i n  an ana lyze r .  

Cent?.ifuge t e s t s  were c o n t r o l l e d ,  and they were performed w l t h  
a g rcdua l  i n c r e a s e  i n  g- forces  from 1 t o  7 g. I n  sone c a s e s ,  t h e  
r o t a t i o n  mode provided f o r  a r a p i d  i n c r e a s e  i n  g - fo rces  and a 
subsequent " p l a t e a u , "  i n  a pe r iod  of 1 min, wi th  3 an6 7 g.  The 
e x p e r i m e n t s w i t h r a b b i t s  were performed only  i n  v e r t i c a l  r o c k e t  f l i g h t s .  

The b i o p o t e n t i a l  of t h e  lower r e c t u s  muscles o f  t h e  r a b b i t  eye  
was 30-40 PV before  r o t a t i o n ,  i n  t h e  major i ty  of c a s e s ,  and t h e  upper,  
8-25 PV. With i n c i ~ a s e  i n  g-force t o  2.5-3 g ,  an i n c r e a s e  of 1-1/2 - 
2 t i m e .  took p lace .  With f u r t h e r  i n c r e a s e  i n  g- forces ,  t h e  bio- 
p o t e n t i a l  ampli tudes remained a t  t h e  same l e v e l  or decreased somewhat, 
b u t  they  d i d  n o t  reach t h e  i n i t i a l  va lues .  I n  tests ,  w i t h  c o n s t a n t  
a c t i o n  of 3-7 g ,  wi th  i n c r e a s e  i n  them, t h e  b i o p o t e n t i a l  ampl i tudes  
a l s o  inc reased  w i t h i n  t h e s e  l i m i t s .  However, on t h e  " p l a t e a u , "  a 



decrease took place in the voltage, after 10-15 sec, to half the 
maximum value. This picture was retained subsequently, despite 
the prolonged effect of g-forces. With decrease in g-forces, a 
noticeable decrease in biological currents was observed, to the 
level of the baseline electromyogramo. In some cases, the bio- 
potential amplitudes turned out to be lower than the initial values 
after the action. This phenomenon was almost regular after repeated 
g-forces in the centrifuge. 

The resultsofthe rocket experiments demonstrated that, in the 
period of g-forces, increasing from 1 to 7 g, the total frequcncy of 
the rabbit eye muscle biopotentials was practically unchanged, at 
70-100 Hz. The biological current amplitudes increased, in con- 
forn,ance with the increase in g-forces to 4-5.5 g. In the initial 
period of weightlessness, the frequency characteristics of the 
biological currents of the eye muscles were equivalent to the 
frequency of oscillations during g-force action. In proportion to 
the length of stay in weightlessness, some slowing of the bio- 
potential frequency arose, with decrease in oscillation amplitude. 
This phenomencn is evaluated as the result of increase in synchroni- 
zation of oscillations or the appearance of nerve impulses from the 
central hemisphere formations, primarily from the vestibular 
apparatus and motor analyzer. 

The experiments with decerebralized and decerebralized- 
labyrinthectomized cats were carried out in aircraft flights. The 
aecerebralized cat extensor muscle biopotentials, 20-60 pV in 
horizontal flight, increased to 30-120 1:V under 1.8-2 g. In the 
first 5 sec of weightlessness, it decreased to 20-35 pV and, in the 
6-20th seconds, to 15-25 pV, remaining at this level till the end I215 
of the effect. Upon ending the parabolic maneuver, it again reached 
values, characteristic of the preceding horizontal fl-ght (20-55 pV). 
These regularities were noted in 12 of 16 experiments. 

The changes in bioelectric activity of the flexor muscles in 
the correspondinq periods were almost opposite. The amplitude 
increased necjligibiy in the g-force, or it remained practically un- 
changed. In the weightless state, the oscillations increased by 
1-1/2 - 2 times, reaching 25-60 pV (Fig. 5 7 ) .  These changes reflect 
reciprocal interactions of their innervation. We propose that the 
phenomena observed, especially the decrease in extensor muscls bio- 
potentials in weightlessness, are predominantly a consequence of 
reflex effects from the vestibu1a.r analyzer. To prove this proposal, 
studies were carried out of the activity of the corresponding 
muscles, in labyrinthectomized-decerebralized animals. It turned 
out that the biological current amplitude of the flexor and extensor 
muscles of these animals in weightlessness remained practically 
unchanged from the initial values in horizontal flight (Fig. 5 8 ) .  
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Fig. 57. Electromyogram 
of foreliitb muscles of 
decerebralized cat: 
1) flexor muscle bio- 
potentials; 2) extensor 
muscle biopotentials; 
3 ) accelerogram 

2 I100 uv 
3 Iriwkm*Hr-cr 

dorizontal Plight 
I . , . . ,  

9-brce 1 Weightless 
1 

Fig. 58. Electromyogram of 
forelimb muscles of decere- 
bralized-labyrinthectomized 
cats: designations same as 
in Fig. 57. 

A decrease in the bioelectric activity of muscles in weight- 
lessness was clearly defined in the *eriments on do=. Compared 
with the initial state, the biopote~tli' amplitudes of the thigh /216 
extensors of intact animals usually dec ~ e d  byl--1/2 - 2 times in 
weightlessness, which is illustrated by te data of Table 65. 

An electromyogram of a thigh muscle, obtained in one of the 
experiments, shows that the oscillations increased by 1-1/2 times 
under the g-forces and decreased to almost half the initial level 
in weightlessness. Similar phenomena were not observed in studies 
performed on dogs with bilateral labyrinthectomies. In this case, 
the biopotential amplitudes of the thigh muscles in weightlessness/217 
and mder g-forces differed very much less from the initial values 
(Table 66). 

The material obtained on labyrinthectomized animals (cats, dogs) 
permits expression of the hypothesis that the action of weightlessness, 



TABLE 65 

CHANGE IN BIOPOTENTIAL AMPLITUDES OF QUADRICEPS MUSCLES 
OF THE THIGH OF INTACT DOGS IN DIFFERENT SECTIONS OF 
PARABOLIC FLIGHT (in % of indices during initial hori- 
zontal flight) 

tlessness g-force Horizon- 
f fef; t a l  f l i g h t  

End aeig t- a f ter  
-Yesmess parabola - 

TABLE 66 

CHANGE IN BIOPOTENTIAL AMPLITUDE OF QUADRICEPTS MUSCLE 
OF THIGH OF LABYRINTHECTOMIZED DOG UNDER g-FORCES AND 
WEIGHTLESSNESS (in % of indices in initial horizontal 
flight) 

with the vestibular analyzer cut off, is reflected to a considerably 
smaller extent in changes of tonus of the musculature. 

Studies of human muscle biopotentials wer? carried out in experi- 
ments in aircraft. Quite regular changes in che bioelectric activity 
of various groups of muscles were disclosed under g-forces and in 
weightlessness. Thus, muscle biopotential amplitudes of 130-180 pV 
in horizontal flight, increased to 190-330 uV under g-forces. In 
the subsequent weightlessness, an abrupt reduction in osciallation 
voltage was observed (to 40-50 pV) and, in a number of cases, 
phenomena, similar to the picture of bioelectric "silence" were noted 
(Figs. 59 and 60). The data of Table 67 reflect these regularities. 

, 
Horizon- 
t a l  f l i g h t  

Similar changes were observed in the bioelectric activity of 
the thigh flexor and extensor muscles. Equal to 30-37 pV in the 
initial state, the amplitude increased to 50-60 pV during g-forces. 
In the weightless state, the same picture of changes was observed,/218 - 
as in recording the neck muscle biopotentials. Consequently, 
changes in bioelectric activity of the skeletal musculature have a 
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Fig. 59. Electromyogram of  t h igh  
extensor  muscle of dog. 

q u a n t i t a t i v e l y  oppos i te  na tu r e ,  
under condi t ions  o f  increased 
and decreased g rav i ty .  Ur.der 
weigh t less  condi t ions ,  a d i s t i n c t  
decrease  i n  b i o e l e c t r i c  a c t i v i t y  
is noted. These d a t a  can be used 
i n  eva lua t i ng  the na ture  of change 
i n  t h e  t o n i c  stress of t h e  muscu- 
l a t u r e ,  under t h e s e  and o t h e r  
condi t ions .  They i n d i c a t e  a  
p o s s i b i l i t y  of reduct ion i n  tonus 
of t h e  musculature i n  weightless-  
ness,  and they demonstrate a 
dependence of t h e  changes observed 
on t h e  s i n g u l a r i t i e s  o f  function- 
ing  of t h e  v e s t i b u l a r  analyzer  
under t h e s e  condi t ions .  

Fig. 60. Electromyogram of t r apez iu s  muscle of man: 
1) b iopo ten t i a l s  of upper bundle of t r a p e z i u s  muscle 
( r i g h t )  ; 2 )  accelerogram 



TABLE 67  

CHANGE IN BIOPOTENTIAL AMPLITUDE OF HUMAN NECK MUSCIZS 
UNDER g-FORCES AND IN WEIGHTLESSNESS (in % of indices 
during initial horizontal flight) 

4. Motor Activity under Weightless - 

Conditions 

w e r i -  
mnt 
No. 

1 
9 

9 
4 

The movements of man on the earth are accomplished in the sphere 
of action of the gravitational field, which naturally determines the 
nature of his activity. By analysis, movements can be divided into 
two components, as a rule: The first is the muscle efforts, which 
are a response to the action of mechanical forces, first and fore- 
most, of the force of gravity and, second, direct locomotor acts. 
The static forces (first component) in any pcsitian arc maintained 
at a level, adequate for movement in space. They only change, 
depending on the support area. If it is quite large, the muscle 
forces are moderately expressed; if the area decreases, without change 
in body weight, they increase, and vice versa. At the present time, 
the indices characterizing the static muscle forces which have bzen 
studied the most are the tonus of the skeletal musculature, which 
depends greatly on the force of gravity. Locomotor activity is 
diverse, and it is judged by many indices: rate of movements, their 
amplitudes, precision, etc. 

Pforce 

During the long process of evolution, organisms have worked out 
definite compensatory structures (bone system, mu~cles, etc.) and 
mechanisms (orthostatic changes of the cardiovascular system, etc.), 
under the influence of the gravitational field of the earth, which 
are brought into action in any movements in space (by unconditioned 
reflex reaction mechanisms). 
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Completely different relationships arise under weightless 
conditions, when the constantly acting factor, weight, decreases or 
completely disappears. While, under earth conditions, a man applies 
force in any movements, adequate to the effect of the force of 
gravity, this movement stereotype can be a source of errors in weight- 
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lessness. Hence, the necessity for study of the peculiarities of 
motor activity of people under weightless conditions, which is of 
great practical importance, since the quality of movement determines 
the performance ability of a man in flight. 

Since long ago, scientists have attempted to imagine the nature 
of the motor activity of man in weightlessness. K. E. Tsiolkovskiy, 
as early as 1883, pointed out that, in "free space" (under weightless 
conditions), the function of the legs as a support apparatus 
obviously chanaes. They will primarily execute movements, which are 
useful for givcn conditions: "grasping, like tweezers, for holding 
in place or repelling . . . ." Later, Haber (1951) noted that the 
absence of weight must seriously change the sensorimotor coordination, 
because of disruption of the interaction between the visual, /2 19 
tactile and motor analyzers. Armstrong (1953) and Gaspa (1953) also 
pointed out the possibility of the onset of disruptions in coordina- 
tion of movement, explaining it by the fact that a man will develop 
excess energy, corresponding to the earth stereotype of motion, under 
weightless conditions, which is not adequate to the new conditions. 
They considered that these disruptions would disappear quite rapidly, 

, as a result of development of compensatory reactions. The propositions 
expressed were subsequently confirmed experimentally by other authors. 

Effect of Brief Weightlessness on 
Functional State of Motor Analyzer 

The research conducted by Lomonaco and colleagues (1957, 1960), 
in reproducing weightlessness in the "Roman turret," which was 
constructed by the authors, as well as of V. S .  Gurfinkel and 
colleagues (1959) , in the high-speed elevator of Moscow University, 
are extremely interesting. Lomonacs and colleagues (1957) studied 
the motor coordination of 30 healthy persons in weightlessness, 
lasting 1.7 sec. The subjects had to hit a target 15 cm in diameter 
with a pencil, with the natural rhythm of each. It was noted that 
they had considerable scattering of hits over the entire target, 
compared with control tests, which gradually decreased with repeti- 
tion cf the task in weightlessness. For the purpose of ascertaining 
the role of vestibular apparatus stimuli in the change of accuracy 
of moverrrent, the authors also conducted studies on five deaf-zrrtes, 
and they found that they had less discoordination of movement. 
In this manner, the authors concluded that the labyrinth function was 
important in the genesis of motor disturbances. In later work, 
Lomonaco and colleagues (i960) determined that, althodgh movements 
became less accurate in weightlessness, the sequence of accomplishment 
of them was not significantly disrupted. 

Somewhat different data wss obtained by V. S. Gurfinkel and 
colleagues (1959). In their tflsts, the subjects also hit a target; 
however, the accuracy of it wal; not changed significantly. Among the 
shortcon~ings of these works is the extreme briefness of weightlessness 



(not over 2 sec), alternating with accelerations, which greatly 
hindered analysis of the material. 

Mcre complete information on the nature of the motor activity 
under weightless conditions was obtained in parabolic flights. Thus, 
Grossf ield (1951) and Ballinger (1952) , in weightlessness lasting 
15-25 sect observed some difficulties of the subjects in hitting a 
target with the hand and, in individual cases, missing the target. 
Beckh(1954) complicated the experiment somewhat. In his test, the 
subjects drew crosses in special squares along a diagonal from top 
to bottom, with eyes closed and open. While, under ground conditions, 
the test was performed completely satisfactorily, in weightlessness, 
the subjectswithoutcontr~l of vision, in the majority of cases, 
deviated from their handwritten lines after the third cross, by 90° 
to the upper right-hand corner. In the opinion of the author, this 
type of change was explained by predominance of tonus of the muscles 
raising the hand. 

Approximately the same data were cbtained by Gerathewohl and 
colleagues (1954, 1957), in a study of target-hitting accuracy. 
In the state of weightlessness, the sltbjects hit approximately /221, 
1 cm above and to the right of the target. The authcrs noted a great 4 

expression of movement discoordination at the start cf weightlessness 
and compensation of the disruption after 5-6 repetitions. A definite 
role apparently is played by signaling from the tactile and visual 8 
analyzers, in development of the latter. 

In our tests (Ye. M. Yuganov, I. I. Kas'yan, 1961-1963), an 
effort was made at a more complete study of the nature of the motor 
activity of people under brief weightlessness. In this case, the 
muscular force of the hands (dynamometry method), coordination of 
movement in a writing test and work on a special coordinograph, the 
precision of maintaining assigned muscle forces of 750 g, as well as 
the bioelectric activity of the musculature in static and phased 
movements, were recorded. 

As a result of studies carried out on 26 persons, it was /222 
determined that., of 266 nleasurements, the muscular force of the hands 
decxe-ased by 4-22 kg in 82% of the cases, with an initial value of 
45-65 kg. This direction of change was $reserved, both with the 
subjects immobilized at the workplace and in free "floating" Ln the 
aircraft cabin. The authors explain these shifts by a reduction in 
tonic stress of the musculature, which was confirmed by the nature of 
change in the bioelectric activity of the muscles. As h rule, a 
marked decrease in biological current amplitude of the neck muscles 
and the flexor and extensor muscles of the thigh were observed under 
weightless conditions. The "writing test" data showed tiiat t d  brief 
stay in weightlessness does not significantly affect the haai~ritin? 
of the rrajority of subjects. In the opinion of the investigators, 
this was explained mainly by better ixrm~bilizatior~ of the s&jects a; 



TABLE 68  

MOTOR ACTIVITY OF SUBJECTS DURING KEPLER PARABOLA 
FLIGHT (average data) 

Note: Average data in ntunerator, limits of variation 
in denominator 



the workplaces during the flight experiments. As an illustration, 
samples of entrles made by astronaut V. F. Bykovskiy during 

parsbolic flights are presented in Fig. 61. 

Fig. 61. Samples of handwriting of astronaut 
V. F. Bykovskiy on earth and during space 
flight. 

Studies on the coordinograph allowed a decision on the time of 
performance of a complex movement and the length of delay in move- 
ments at given moment in the program. The results (presented in 
Table 68) show that some tendency to slow down the rate of performance 
of motor acts was noted in the majority of subjects (12 of 2 0 ) .  with 
no signs of discoordination. 

Additional data were obtained by M. A. Cherepakhin, who 
conducted experiaents on subjects well adapted to flight conditions 

2 49 



(13 men). The results of 52 experiments are presented in Table 69. 

TABLE 6 9 

ACCURACY OF HITTING ASSIGNED TARGET 
0 .  o s an e v  at ions  

From f e!Zr ofdt:rgtt No. of .- Fl ight  Conditions Move.. .---~ , ,----- 

Horizontal f l i g h t  322 26:) Weightlessness 37 1 :iiti 
Horizontal f l i  h t  

after weightyeas- ?,it; 
ness  ?20 

It is evident from it that, under weightless conditions, the 
acxuracy of hitting a target with the finger, with visual control, 
is the same as in horizontal flight. The number of hits in the 
center was 86% in weightlessness and 87% in horizontal flight. The 
size of the deviations from the center of the target in both hori- 
zontal flight and in weightlessness was not over 10 mm. The author 
also was interested in the question of precision of movements, 
a~complished without visual control. For this, a cardboard screen 
was placed between the subject a d  the electrical target, with a 
1 nun opening at the same level as the target center. The ~ossibility 
of observing the hand movements was eliminated. In performing this 
task, the subjects were given instructions not to go beyond the limits 
of the target, and that hitting the center of it was not necessary. 

In these tests, the hit accuracy decreased: while there were 
four misses in 140 movements in horizontal flight, there were eight 
misses in 109 nlovements in weightlessness. In other tests, the 1 2 2 3  
subjects performed the same task with eyes closed, i.e., with corn;= 
elimination of visual control of both the start and the process - f  
movement of the hands. As a result, there were 8 misses in 45 move- 
ments in horizontal flight and 15 misses in 33 movements in weight- 
lessness. 

Data on the time of performance of standard moveinents, obtained 
in work with rhe electrical target are presented in Table 70. 1389 
movements in all were analyzed. The time of execution of the move- 
ments in keightlessness and in horizontal flight was practically the 
same. The differences recorded are not of significant value and are 
statistically insignificant. 



TABLE 70 

TIME OF EXECUTLON OF TARGET-HITTING MOVEMENTS 
(in mill !seconds) 
-- 

Movement 
From From From '~rom 

Fl :,;it Conditions 
target knob target  

1 
I 

Horizontal f l i g h t  7  8) 7 I .-. 
Vieightlessness 7 5  ; ;o 

t - 
Thus, under conditions of brief r-ightlessness, the accuracy 

and time of experimental movements 02 persons adapted to the alter- 
nating action of g-forces and wei.ghtlessness and immobilized in the 
chair, was practically unchanged. A negligible increase in number 
of misses wider weightless conditions, with visual control cut off, 
cannot be aftributed to the specific effect of this factor. 

Interesting data have been obtained by Ye. M. Yuganov and 
colleagues in determination of the precision of maintenance of given 
muscular effort (Table 71). They showed that the precision of static 
work was preserved unchanged in weightlessvness by only 4 of 14 men, ! 
ana that errors of 153-1250 g were observed in the remaining persons, 
always in the direction of increkse in the effort. Under weightless 
conditions, t* . ceflex time was shortened in the majority of s&jects 
(10 of 14 men). 

., TABLE 71 

MAINTENANCE OF GIVEN MUSCULAR EFFORT (750 g) AND TIME 
REFLEX (20 sec) UNDER GROUND CONDITIONS AND DURING 
BRIEF hTIGHTLESSNESS 

Muscular Ef for t ,  g Time Characterist ics  
Subject Ground We~ghtlessness  

Condition F l i g h t  r 1 Fliuht  2 t- 1 i g h t l e s s n e s s  

- - . . 

I ,  - , I O  - , j I ~ ~ O O  l h i ~ ~  j 2,) ( I  
I0 8 , 1 1 1  I2,lO . 11'00 1 t'O ( I  - - I I r 10 I ?ti11 ' 1 1  100 ! 20 - - I , , 10 ~ i l , I  i 1200 : ' I  - I I 
I i ;YO ' I;OO 1 - .  - - ICI 0 
I !  , ,I I ! 20 10 1.TO'l , 91.0 . 



Somewhat later, M. A. Cherepakhin carried out refined studies. 
The subject, fastened in the pilot's seat, had to maintair a tension 
of 4 C O  g on an electrodynamograph, with small efforts, during the 
entire time of a weightlessness parabola flight. 

The tests were conducted with eyes open and closed. 

18 men, from 18 to 43 years old, were examined. The majority 
of the E U ~ ~ L C ~ S  had repeatedly participated in weightlessness parab- 
ola flights before the examination; they included astronauts A. G. 
Nikolayev, V. G .  Bykovskiy ar.d P. I. Belyayev. One subject was 
participating for the first time in parabolfc flights. All subjects 
had not had preliminary training in maintaining a foxce on the 
electrodynanograph, but received only familiarization instructions, 
15-30 minutes before takeoff of the airzraft. 

The results ~f the test showed that maintenance of a given 
static force, under conditions of periodic tLansformation of the 
force of gravity, was quite an easy task for all tht subjects, if - /224 
they performed under visual control. With visual control eliminated, 
the precision of maintenance of a given force depended on the degree 
and nat7- - of chan7e in b~dy weight of the subject: an increase in 
the gra-. 5 force on the electrodynamograph lever was observed in 
g-forces and a decrease in it under weightlessness. In the horizonczl 
flight section, the subject maintained the force with sufficient 
accuracy. This  recision was disrupted each tips, when the accelera- 
tion of gravity differed from 1 g. Appropriate reductions in the 
force by schjects participating in the weightlessness parabola flight 
for the first time, even with visual control, during the transition 
to weightlesr~ess in the first seconds of its onset attracted 
attention. True, after a few repetitions, -hey bec, to perform the 
experirnertal task accurately. 

TABLE 72 

MAINTENANCE OF A GIVEN FORCE (in grams) BY SUBJECTS 
WITH EYFS CLOSED 

-- - 

.:orizontal g- f orce 
Flight before 

Index (co~trol) -- @:ik:;s 

Note: M is the arithmetic mean; u is +..le root mean 
deviation; m is the average error of the arith- 
metic mean; and v is the confidence factor. 



The r e s u l t s  of s t a t i s t i c a l  process ing  of t h e  d a t a  ob ta ined  i n  
performance of  t h e  t a s k  by t h e  s u b j e c t s  wi th  eyes  c losed  a r e  
p resen ted  i n  Table 72. A decrease  i n  t h e  f o r c e  i s  e v i d e n t  i n  weight- 
l e s s n e s s ,  wi th  r e s p e c t  t o  t h e  corresponding f o r c e  i n  hor:zontal /225 
f l i g h t  and i n  t h e  g-forces.  

I n  t h i s  same work, an electromyogram (EMG) of s e v e r a l  p c s t u r a l  
muscles of t h r e e  s u b j e c t s ,  t h e  t r a p e z i u s  muscles o f  t h e  neck i n  
p a r t i c u l a z  and, f o r  comparison, t h e  l a r g e  c h e s t  muscles,  was recorded 
i n  one pe r iod  of tests. The importance of  t h e  i n i t i a l  working 
p o s t u r e  f o r  e f f e c t i v e n e s s  of  any motor a c t  is  w e l l  known. The 
p o s t u r a l  mcsculature performs s p e c i f i c  s t a t i c  and dynamic work i n  
motor a c t i v i t y  of  man, which is  caused predominantly by t h e  e f f e c t  
of t h e  f o r c e  of  g r a v i t y .  A decrease  t o  z e r c  o f  t h e  f o r c e  of g r a v i t y  
l e d  tc a reduc t ion  i n  b i o e l e c t r i c  a c t i v i t y  of t h o  neck muscles 
( t r a p e z i u s )  i n  a l l  s u b j e c t s .  The e l t c t r i c a l  p o t e n t i a l  of t h e  l a r g e  
c h e s t  muscle, recorded f o r  a b a s e l i n e ,  inc reased  somewhat dur ing  t h e  
t r a n s i t i o n  t o  we igh t l e s sness ,  and it  remained p r a c t i c a l l y  wi thou t  
change i n  weight lessness .  

Thus, a d e t a i l e d  a n a l y s i s  of  t h e  mechanogram and s t 3 t i s t i c a l  
process ing  of  t h e  m a t e r i a l  ob ta ined  d i s c l o s e a  a p e r s i s t e n t  tendency 
towardschange i n  t h e  s t a t i c  f o r c e ,  i n  connect ion wi th  ti:= t r a n s i -  
t i o n  of  t h e  s u b j e c t s  t o  g - f o r c e a n d w e i g h t l e s s  c o n d i t i o n s  and dur ing  
t h e  a c t i o n  of tlhese f a c t o r s .  It turned o u t  t h a t  t h e  magnitude o f  
t h e  f o r c e  reilects t h e  g e n e r a l  d i r e c t i o n  of t h e  t r ans fo rmat ion  of  
t h e  f o r c e  of g r a v i t y .  With i n c r e a s e  i n  body weight  o f  t h e  s ~ b j e c t ,  
t h e  f o r c e  of  squeezing on t h e  electrodynamograpb l e v e r  inc reased ,  
if t h e  g-force v e c t o r  coincided w i t h  t h e  d i r e c t i o n  of t h e  f o r c e ;  
wi th  dec rease  i n  woight,  t h e  squeezing f o r c e  decreased.  Cc~isequent ly ,  
t h e r e  is  a d i r e c t  r e l a t i o n  between t h e  sq.ieezinq- f o r c e  on t h e  
electrodynamograph l e v e r  and bcdy weight.  With elin-.ination o f  v i s - i a l  
c o n t r o l ,  t h i s  r e l a t i o n  is  d i s c l o s e d  xr*ore s t r o n g l y .  ?:owever, t h e  
e x t e n t  of  t h e  e f f e c t  of  zhange i n  f o r c e  of g r a v i t y  on t h e  s t a t i c  
f o r c e  d i f f e r e d  i n  d i f f e r e n t  s u b j e c t s .  M. A. Cherepakhin revea led  a 
change i n  p r e c i s i o n  of  muscular f o r c e  on degree of t r a i n i n g .  

An accep to r  e f f e c t  was formed i n  t r a i n e d  s u b j e c t s ,  i n  tests wi th  
b r i e f  weic j l~ t lessness ,  and it s t i l l  was n o t  formed i n  t h e  unt ra ined.  
The accep to r  e f f e c t ,  wi th  i n c r e a s e  i n  t h e  k i n e s t h e t i c  component of 
a l l  s u b j e c t s ,  l e d  t o  t h e  s i t u a t i o n  t h a t  t h e  f z l l i n g  o f f  of adequate 
s t i m u l a t i o n  i n  we igh t l e s sness  caused a compensatory k c t i v a t i o n  of 
t h e  muscle groups p a r t i c i p a t i n g  i n  execut ion  o f  t h e  exper imenta l  
t a s k .  I n  t h i ?  manner, t h e r e  was no model of  t h e  nerve s t i m u l a t o r  
of  t h e  sensory s t andard ,  which, by means of c o m p a r i s ~ i ~  of i -c  w i t h  t h e  
composition and n a t u r e  of  t h e  r e v e r s e  a f f e r e n t a t i o n ,  would s i g n a l  
success  i n  accomplishment of t h e  t a sk .  However, t h e  phenomenon 
nc ted  was complicated by t h e  process  of formation of  t h e  a c c e p t o r  
e f f e c t .  I t  i s  completely e v i d e n t  t h a t ,  i n  a f a m i l i a r i z a t i o n  s e s s i o n ,  
and i n  t h e  f i r s t  s t a g e s  o f  a f l i g h t ,  when t h e  f i x e d  f o r c e  was main- 



t~ined under visual control, propriocepticn participated in the 
acceptor effect being fonied. The nonunifornity of the static force, 
during transition from g-force to weightlessness and, on the other 
hand, from weightlessness to g-force, as well as the increase in 
bioelectric activity of the muscles of the working arm, are evidence 
of this. 

There is a basis for considering that this phenomermis caused 
by a change in nature of the experimental activity of the subjects. 
In conforrince with i?structions, the subjects had to precisely 
maintain given force, consciously suppressing any impulse to change 
this force They succeeded quite easily in doing this during ho.-i- 
zontal flight; the corresponding mechan~gr~ curves of rt'ctenance 
of the force coincided quite closely with a straight line. 'n the/226 
transition period, ths mechanograms became broken lines; the c~ctic 
force of the subject was complicated by dynamic components. It cac 
be assumed that this explains the increase in bioelectric activity 
of the muscles, to a definite e:.tent. Moreover, it is possible, in 
connection with the disappearance of weight, that supplementary arm 
muscle forces can be developed, for compensation of the pressure on 
the electrodynamogr,qph lever, create3 by the weight of the hand in 
horizontal flight. To precisely define this situation, the authors 
conducted a series of tests, with the hand immobilized at the elbow 
and wrist joints, thereby eliminating participation of weight in the 
pressure on the dynamograph lever. The results turned out to be as 
before: the bioelectric potential of the muscles incraased. Finally, 
with onset of this phenomenon, participation of the general orienting 
reaction to the change in weight is beyond a doubt. In other words, 
the cause of the increase in bioelectric activity of the arm muscles 
in our test w ~ s  multivalent. 

In analysis of data on motor disorders under weightless conditions, 
it should be kept in mind that their natare depends on the degree of 
imobilizatio~ (Henry, et al., 1952; Clark, et al., 1960, and others). 

K. E. Tsiolkovskiy had already pointed out that, in the absence 
of immobilizition, slight movements of a man (even the act of breath- 
ing) could cause involuntary movements of the body in space. This 
has been confirmed experimentally. 

In experinents on animals, it turiCd out that the nonimmobilized 
animals rotate quite randomly in space, apparently as a consequence 
of the peculiarities of stimulation and interaction of the analyzers 
(V. I. Yazdovskiy, ot al., 1960; Ye. M. Yuganov, et al., 1P62; Henry, 
et al., 1952; Beckh,1954). The test subjects behavedapproximately 
the same, which significantly affected the nature of motor activity. 
The subjects could move about the aircraft cabin, only by means of 
tight cablesor by pushing away from the cabin wall. Zn essence, they 
could ?., 1 '- . write, and they performed simple operations with difficulty 
(Ye. M. Yuganov, et al., 1962; I. I. Kas'yan, 1963; Simons, Gardner, 
1961: Lowrey, Ray, 1963; Zally, 1966). 



Analysis of the writing of V. F. Bykovskiy in brief weightless- 
ness has shown that the astronaut could not write an assigned text 
while "floatingn freely in the aircraft cabin. In a quite short 
interval of time (about 25 sec), V. F, Bykovskiy changed position in 
space several times. 

At present, a more complete study of the motor activity of 
people in weightiess conditions in the unsecured state is necessary, 
since, in future flights, the length of which will be months and 
years, the astronauts will primarily move freely in all directions, 
both inside and outside spacecraft. 

Effect of Prolonged Weightlessness on 
Functional State of Motor Analyzer 

During the first space flights with animals, using television 
and contact-rheostat sensors, a q~itt! complete study was made of the 
motor activity of animais under weFghtless conditions for a long /227 
time. It turned out that the motor activity of dogs increased some 
in the first period of weightlessness, Subsequently the behavior of 
the animals was peaceful. Without particular difficulties, they 
moved forward and backward, to and from the automatic feeder. Head 
n~ovements were free and quite coordinated. All this indicated full 
preservation of rapid and adequate reactions of the dogs. Weightless- 
ness also did not prevent the recovery of old and the acquisition of 
new motor icts. Nevertheless, 4. A. Zhuravlev (1962), analyzing 
m..terials cn working out of the skill of standing In place by a dog, 
under weightless conditions,ccnclu~ed that the formation of new motor 
skills and preservation of old ones apparently requires much time and 
repetition. 

It might be thought that the nonuniform extent of motor activity 
in the initial period of weightlessness and the various adaptation 
capabilities of the animals could indic~te individual sensitivity of 
their neuroregulatnry apparatur to the absence of gravity and differ- 
ing functional mobility G E  their nerve structures (V. I. Yazdovskiy, 
et al., 1960). 

It has been determined in ~rhanned space flights that the motor 
activity of the astronauts did not change significantly. Neverthe- 
less, it cannot be concluded from this that the motor activity of the 
astronauts is constant, since they were immobilized in the majority 
of studies conducted, and thev carried out working operations, the 
precision of execution of whl-ch was corrmens*l.rable with possible 
disruptions of m~vement indices. Therefore, V. I. Yazdovskiy and 
colleagues (1963), having stadied the sensorimotor coordination of 
astronauts in prolonged weightlessness, concluded that the state of 
weightlessness does not decrease the quality of coordination in the 
specific form of it, which occurred in actr-1 space flights. 
Material has now been accumulated on the fact that, under weight- 1'229 
less conditions, coordination acts are disrupted to a certain extent. 



I Thus, A. I. Mantsvetova, I. P. Neumyvakin and colleagues (1964), 
I analyzing 132 entries in the log by A. G. Nikolayev and 75 entries 

by P. R. Popovich, concluded that the coordination of movement of the 
astronauts in flight was changed somewhat. The greatest changes were 
noted in the first 40-50 minutes of their stay in weightlessness. 
In the opinion of the authors, such changes are caused, in all 
likelihood, by the unusual external conditions of writing, and they 
are not a consequence of any disruption of central nervous system 
functions. 

I TABLE 73 

PROPRIOCEPTIVE SENSITIVITY OF A. G. NIKOLAYEV WHILE 
MAINTAINING A GIVEN iblUSCULAR EFFORT (Fi) OF 600  g 
FOR 10 SEC IN ORBITAL FLIGHT 

I In Flight 

oxbit or 
Date 

After Plight 

o he 
of 

Stu 
dy 

2 a ~  
of 
P l i  
ght 

610 

min 
0 mow-nts 
with lcads to .  

6.30 

There is interest in the data on motor activity of astronauts, 
obtained under conditions of long weightlessness, of up to 18-24 days. 
The muscle-joint feeling, kinesthetic sensitivity and muscular effort 
of the hands were studied. Analysis of the material has shown that 
astronauts A. G. Nikclayev and V. I. Sevastlyanov maintained a given 
muscle effort of 600 g in orbital flight, with eyes opened and closed; 
the fluctuations were +lo-70 g. The fluctuations in force were most 
often in the direction of increase frcm the assigned force. Thus, 
the errors of A. G. Nikolayev reached +70 g on days 11 and 16 of the 
flight (Table 73). 

It should be emphasized that performance of various proportioned 
workloads did not lead to appreciable change in the indices, when 
working with the DP-2 dyna~ograph. On the basis of the data obtained, 
it can be concluded that delicate operations wjth various units, 

1 instruments and scientific apparatus can be perfcrmed in prolonged 
weightlessness. Working with manual controls, designed for a 600 g- 

520 - h<l 
3" 1 

propnrtioned 1 After Workload 

Work load 

Be  ore 
woe~P8;I 

.s 

" I 0  i,20 

>': . 650 

E es 

~Fei; 

6411 
531, 
5717 
.;r.o 
620 

E es 



force, theprecision of muscular efforts under these conditions can 
be somewhat changed. Although this position is based on a small 
number of experiments (15 tests) and only on two astronauts, it can- 
not be left out of consideration, in compiling assignments to perform 
various working operations in longer weightlessness. 

Very convincing data also have been obtained, in a study of 
kinesthetic sensitivity, while sustaining a fixed muscular force /230 
of 20 kg. 50 tests in all were carried out, with 4 men participating. 
The resultsofthe experiment show that, in a majority of cases, the 
number of errors increased significantly in orbital flight, both with 
the astronaut secured in the seat and in the unsupported state, 
compared with indices recorded before launch. 

The indices of A. G. Nikolayev fluctuated most of all in the 
102nd, 150th, 182nd and 262nd orbits and those of V. I. V~lkov, in 
the 954th orbit (Tables 74 and 75). In performance of a similar 
experimel~t by V. I. Sevast'yanov and V. I. Patsayev, errors in [231 
maintaining the force were considerably less, with both the right 
and left hands. The data obtained still do not permit specific 
conclusions to be drawn; however, it is completely obvious that these 
materials will be of definite importance, for evaluation of the 
capabiliti~s of performiny planned work, while assembling, installing 
and manually jcining various units in space, where it will be 
necessary to sustain a force on the order of 20 kg. 

The functional state of the motor apparatus also was evaluated, 
by means of hand dynamometry. The experiments were performed with 
the right and left hands, with the astronaut firmly secured to the 
seat and while in the unsupported position. Four astronauts partici- 
pated in the tests. 29 experiments (85 rneasure~~ents) were carried 
out in all. The resulting data show that the maximum muscular force 
of the hands of the four astronauts decreased, under orbital flight 
conditions in all tests (Figs. 62, 63 and 64). This was especially 
pronounced in V. N. Volkov and V. I. Patsayev. Somewhat smaller 
changes were observed in A.  G. Nikolayev an2 V. I. Sevast'yanov. 

It can be assumed that one of the reasons for a decrease in 
muscular force of the hands is a reduction in tonic stress of the 
skeletal musculature in orbital flight; this also is in agreement 
with data, which we obtained earlier in brief weightlessness. 

In tests with hypokinesia lasting up to 30 days, the muscle 
force of the hands also decreased appreciably, in the majority of 
cases; however, expression of the indices was considerably less than 
in orbital flight. 

In all likelihood, during the stay of the astronauts in longer 
weightlessness (over 24 days), still more significant reduction in 
tonus of the skeletal musculature nay set in, which will be reflected 
to some extent in the motor efficiency of the astronauts. 
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A. G. Nikolayev 
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I flight 
33-4 , V. I. Sevast 'yanov 

Fig. 62 .  Change i n  muscular f o r c e  of t h e  harids of 
a s t r o n a u t s  A. G. Nikolayev and V. I. Sevast 'yanov 
before .  dur ing  and 8 days a f t e r  f l i g h t  of Soyuz 9: 
a )  r i g h t  hand; b) l e f t  hand 

n 
4"  

This i n d i c a t e s  t h e  n e c e s s i t y  f o r  use  of q u i t e  e f f i c i e n t  load  
and o t h e r  measures. f o r  prophylaxis  of t h e  unfavorable e f f e c t  of 
weight lessness .  i n  f u t u r e  f l i g h t s .  

. 

Condit ion of Motor Analyzer Before 
and A f t e r  F l i g h t  

b 134 J 1 - l l I - L  198 ?Ju 241 L' Ib  8 &ys 

arbit after 
f l i ght  

M. A .  Cherepa::hin, t o g e t h e r  w i t h  V. I. Pervushin,  t o  e v a l u a t e  
t h e  s t a t e  of  t h e  neuromuscular systems of  A. G. Nikolayev and 'V. I. 
Sevast 'yanov be fo re  t h e  f l i g h t  and i n  t h e  pe r iod  of  r e a d a p t a t i o n  t o  
e a r t h  cond i t ions  a f t e r  t h e  end of  i t ,  conducted a stuk.1 of  t h e  
r e f l e x  e r c i r a ' j i l i t y ,  tonus  and c o n t r a c t i n g  power of  t h e  muscles. 

The rr rx  e x i c t a b i l i t y  was determined by record ing  t h e  bio-  
electric a c t i ~ r i t y  of  t h e  muscles p a r t i c i p a t - i n g  i n  execut ion  of t h e  
knee tendon r e f l e x e s .  The b i o p o t e n t i a l s  were taken o f f .  by mearis 
of e l e c t r o d e s  on t h e  s h i n ,  and they were recorded on t-he t a p e  of 
an o p t i c a l  o s c i l l o g r a p h .  The r e f l e x e s  were induced by a neuro- 
l o g i c a l  h a m e r ,  by means of m u l t i p l e ,  p ropor t io red  blows (15-20 
times). 



The muscle tonus ,, -:s s t u d i e d  by 
A two methods: The t i b ~ a l i ~  a n t e r i o r t  quadriceps femoris  anti b i c e ~ s  b r a c h i i  by 

t h e  method of  Sirmay, and t h e  t o t a l  
tonus  of t h e  t h i g h ,  c a l f  and 
shoulder  muscles,  by t h e  method of 
Uflyanda. The c o n t r a c t i l e  power of - l l - l  t h e  muscles was decided on t h e  b a s i s  
of dynunometry of  t h e  t runk  ex tensors  

R and t h e  hand f l e x o r s .  . . .. , 
A f t e r  t h e  f l i g h t ,  t h e  astro-/232 

n a u t s  complained of  g e n e r a l  weakness, 
!> '-NU Initial 324 I 165 

p a i n f u l  back muscles,  s e n s a t i o n s  and u c c e r t a i n t y  i n  t h e  l e g  and i n  
O r b i t  m a i n t a i ~ i n g  t h e  v e r t i c a l  pos tu re .  BEE They rushed t o  s i t  down dur ing  t h e  

.b e x m i n a t i o n .  On t h e f i r s t d a y  of 
t h e  examinat ion,  it was noted t h a t  
t h e  b i o p o t e n t i a l s  of  t h e  muscles 

Fig.  63. Change i n  muscular p a r t i c i p a t i n g  i n  t h e  knee r e f l e x  /233 
f o r c e  of hands of  V. N.  of A. G. Ni lo layev doubled over  t h e  
Volkov dur ing  f l i g h t  i n  p r e f l i g h t  d a t a  and, of  V. I. S e v a s t '  
S a l y u t  o r b i t a l  s t a t i o n :  yanov, t l i p l e d .  Both a s t r o n a u t s  
A,  r i g h t  hand; B, l e f t  f e l t  pa in  a t  t h e  moment of  t h e  blows 
hand; a ,  wi th  a s t r o n a u t  of t h e  n e u r o l o g i c a l  hammer on t h e  
secured  t o  s e a t ;  b ,  i n  un- tendon. The i n t e n s i t y  of t h e s e  
supported state f e e l i n g s  weakened w i t h  each 

succeeding examinatior,; t hey  
disappeared 7 days a f t e r  t h e  f l i g h t .  On t h e  36th day a f t e r  t h e  
f l i g h t ,  t h e  r e f l e x e s  wzre induced i n  both  a s t r o n a u t s  wi th  d i f f i < : u l t y .  

The muscle tonus ,  on t h e  b a s i s  of  t h e i r  Zardness a f t e r  t h e  
f l i g h t  proved t o  be decrcased i n  both  a s t r o n a u t s  ( i n  t h e  l e g s ) .  
The s t r e n g t h  of t h e  hand f l e x o r s  a f t e r  t h e  f l i g h t  was t h e  same a s  
be fo re  t h e  f l i g h t .  The c e n t r a i  f o r c e  decreased i n  A.  G. Nikolayev 
by 40 kg on t h e  3rd day a f t e r  t h e  f l i g h t  and i n  V. I. Sevast 'yanov,  
65 kg. 

I n  measurements of t h e  ex t remi ty  pe r imete r s ,  a moderate dec rease  
was found i n  t h e  circumferences of t h e  c a l v e s  and t h i g h s .  The 
shoulder  p e r i n e t e r  remained p r a c t i c a l l y  unchanged. On t h e  11 th  day 
a f t e r  t h e  f l i g h t ,  t h e  circumferences of t h e  .:imbs corresponded t o  
t h e  i n i t i a l  ones. The dec rease  i n  limb pe r imete r s ,  i n  a l l  l i k e l i -  
hood, involves  muscle a t rophy This  conc ide ra t ion  i s  i n  agreer,!en'. 
w i th  t h e  r e s u l t s  of biochemical s t u d i e s ,  conducted a f t e r  t h e  
f l i g h t ,  which i n d i c a t e d  a d i s r u p t i o n  of  t h e  n i t r o g e n  and c a l c i u ~  
balance.  

On t h e  b a s i s  of t h e  d a t a  obta ined a f t e r  t h e  18-day f l i g h t ,  it 
can be proposed t h a t  t h e  inc reased  r e f l e x  e x c i t a b i l i t y  of t h e  neuro- 



muscular apparatus and the painful- 
A ness at the sites of blows of the 

neurological hammer are symptoms of 
deterioration of the functional 
state of the nervous system, caused 
primarily by gross drops in afferenta- 

- tion, arising at different stages 234 5- of the flight and during the perio 
R of readaptation to earth conditions. - 

It is known that the most 

-- characteristic element for study of 
the notor reactions of a man is 
walking, as an example of cyclic 
locomotion. In study of the cyclic 
locomcCion, it is important to 
analyze the movement during one 
cycle and to determine the cycle 
repetition rate or movement rate. 

s The movement cycle includes periods 
of support and of motion or step- 

2 4 h m  mk - ping. period of The a normal length man of the in walking support 

Initial lGJ7 I C ~ C G  is 10% greater than the length of 
Data Base Orbit the motion period, on the average. 

The v,~lking of A. G. Nikolayev and 
Fig. 64. Change in muscular V. I. Seva6~'yanov was recorded 
force of hands of astronaut before and after the flight by 
V. I. Patsayev during flight motion-picture photography, at a 
in Salyut orbital station, rate of 24 frames per second. The 
with astronaut secured to motion-picture camera was installed, 
seat: A) right hand; B) so that its lens was approxi- 
C) left handland with astro- mately at the level of the center of 
naut in unsupported state: gravity of the astronaut and at a 
D) right hand; E) left hand; distance, approximately equal to the 
1-5, order of conduct of length of the course of the movement 
measurements studied. The chronogram of the 

astronauts' walks was plotted by 
the generally aaopted procedure, using measurements of each motion- 
picture frame. The results obtained are presented in Fig. 65. 

It is evident from the chronogram that the duration of the 
front support phase or shock absorption (setting the foot on the 
ground, with the toes ahead of the body center-of-gravity line), of 
A. G. Nikolayev and V. I. Sevact'yanov was 0.42 afid 0.38 sect 
res~ectively, before the space flight, with the duration of the 
binary support phase of both astronauts being 0.21 sec. After the 
fliqht, the front support phase increased somewhat, to 0.5 and 
0.54 sect respectively. The binary support phase increased to 0.3 4= 
and 0..42 ,ec, respectively. The duration of the pushing-away phase 



** G* NikolayeL? Walking chmnoprm Preflight walking 
Chrpnogram 1 hr af ter  landing 

V. I. Sevas t 'yanov 
Prefl ight  walking Walking chronogram 

chronogram 1 hr after landing 

Fig.  65. Chronogram of  walk o f  A. G. Nikolayev and 
V. I. Sevas t tyanov  b e f o r e  and a f t e r  Soyuz 9 f l i g h t  

( t h e  body c e n t e r - o f - g r a v i t y  l i n e  is ahead o f  t h e  s u p p o r t )  of  A.  G. 
Nikolayev and V. I. Sevas t tyanov  was 0.33 and 0.3 sect r e s p e c t i v e l y ,  
b e f o r e  t h e  f l i g h t ,  and t h e  l e n g t h  o f  t h e  b i n a r y  s u p p o r t  phase o f  
pushing away o f  b o t h  o f  t h o s e  examined was 0.1? sec. A f t e r  a long  
f l i g h t ,  t h e  pushing away phase  i n c r e a s e d  t o  0 .37  and 0.42 sec. 
The d u r a t i o n  o f  t h e  b i n a r y  suppor t  phase a l s o  k,sd a tendency t o  
i n c r e a s e ,  t o  0.25 and 0.33 sect r e s p e c t i v e l y .  

A s  i s  w e l l  known, a n o t h e r  c h a r a c t e r i s t i c  e lement  o f  walking is 
t h e  rear and f r o n t  s t e p .  I n  a n a l y s i s  o f  mot ion-p ic ture  m a t e r i a l ,  
it was determined t h a t  t h e  t i m e  of  t h e  r e a r  s t e p  o f  A. G. Nikolayev 
and V. I. Sevas t 'yanov a f t e r  t h e  f l i g h t  was 0.3 and 0.25 sect 
r e s p e c t i v e l y ,  and of  t h e  i n i t i a l  s t e p ,  0.17 sec. The d u r a t i o n  of 
t h e  f r o n t  s t e p  o f  bo th  a s t r o n a u t s  b e f o r e  and a f t e r  t h e  f l i g h t  
remained unchanged (0.1,7 sec) .  Thus, t h e  m a t e r i a l  o b t a i n e d  l e ~ ~ s  
t o  t h e  conclus ion  t h a t  a s t a y  i n  o r b i t a l  f l i g h t ,  l a s t i n g  up t o  1 8  
days ,  causes  a n o t i c e a b l e  change i n  t h e  n a t u r e  o f  t h e  walk o f  t h e  
a s t r o n a u t s ,  w i t h  t h e  t o t a l  t i m e  of t h e  walk ing  c y c l e  of  bo th  a s t r o -  
n a u t s  i n c r e a s e d  by 4 4 % ,  on t h e  average.  



The duration of the front step phase increased by 30% and the 
binary support phase by 88%. The pushing away phase increased by 
25% and the rear step by 50%. After the flight, a tendency was 
ncted in both astronauts toward a pronounced slowing of the walk, 
owia2 to a decrease in all phases of the motor sycle, especially 
because of an increase in the time of the binary su2port phase. 

Thus, the material presented on the motor activity under weight- 
1ess.conditions (brief and long) leads to the conclusion that it is 
not significantly disrupted, if those being examined are secured 
at the workplaces. Some discoordination of movement, moderately 
expressed disruption of the precision of reproduction of assigned 
~zuscular forces, etc., were observed in them. The subjects success- 
fully performed working operations, not requiring great precision. 
The opposite was observed when not secured. During free "floatingn 
under weightless conditions, the subjects attempted to maintain the 
body jn a certain equilibrium, with respect to the surrounding 
objects. It is completely clear that, in this case, performance of 
nore Jr less delicate motor acts became impossible, since each 
mov~ment disturbed the equilibrium and moved the body in space. 

At present, the physiologlca?. mechanisms of motor disturbances 
still have not been studied fully. Experimental materials and data 
in the literature lead to the thought of a straight (direct) and 
indirect (mediated) efiect cf weightlessness on the human body 
(I. I. Kas'yan, et al., see secticn 3, Chapter 1 of this book). 
The direct effect is understood to be the complex of reactions, 
caused by the significant dtxease in body weight of a nl.an, as a 
result of which, the tonus of the skeletal musculature decreases, 
the afferentation of many analyzers changes (vestibular, motor, 
etc.), and movement coordination is disrupted. These pht-nomena are 
agsravated by the fact that, under we: jhtl.ess c0n8iti.or.s~ the 
concordance of the work of the analyzers participatin? .in andlysisL/230 
of spatial relationships is disrupted (G. L. Komer,danto,r. 1359; 
G. L. Komendantov, V. I. Kopanlev, 1962). In t h i ~  case, t_:.zre alse 
is a mediated effect of weiahtlessness on the nature of the motor 
activity, as a consequenc:e of disturbance of the functicnal systc-rr. 
in the work of the analyzers. It is difficult to state at pres%.,?t 
the degree of importance of one mechanism or another, in the g e r w i s  
of motor disorders; however, their preser-ce should be pointed 'lut 
again. 

The majority of the investigators haq.e notei that motor dis- 
orders decrease significantly, in proportion to the length of stay 
under weightless conditions. This apparently takes place, as a 
consequence of formation of a new functional system, adequate to the 
conditions of weightlessness. 



Tests on intact and labyrinthectomized animals (see oection 1, 
Chapter 2) have demonstrated that signaling from the inner ear 
receptors, which is very necessary to orientation under ground 
conditions, is su~erfluousin weightlessness, since it promotes the 
onset of di.';ruptions in the combined work of the position 
analyzers. 

TABLE 75 

KINESTHETIC SENSITIVITY OF ASTRONAUTS V. N. VOLKOV AND 
V. I. PATSAYEV WHILE MAINTAINING A FIXED MUSCULAR FORCE 
(Fi) OF 20 kg 1N ORBITAL FLIGHT OF SALYUT 

I Right hand, kg 1 Le t t  hand, kg 

Orbi t  o f  F l igh t  I Secured (unsuppord Secured lUnsupport 
Drte, Work before Study to  Sea t  led S t a t e  1 t o  Sea t  led S t a t e  

Prelaunch period 

27 May 1971 1 21 1 21 1 20 I 29 

Orbital f l i g h t  
10 Jun 1971 22 22 
S stems monitoring 
8 h n d  o r b i t  1 20 23 21 1 

V. N. Volkov 

22 June 1971 
Television report ing 

24 June 1971 
Rest 
1066th o r b i t  

Prelaunch period 
25 May 1971 1 2 3  1 2 2  1 2 1  I 21 

Orb3.tal f l i g h t  
Physical t r a in ing  24 

954th ork' t 
I 22 1 26 1 

2 1 
2 ,  I :1 

24 June 1971 
1065th o r b i t  

0 i 
jL 

20 
22 
In 
20 
22 
22 
22 

a i ;I 
21 
20 1 111 
ln 20 

?O 
In 
20 
22 
20 
20 
"2 
20 

20 
18 
I K 
20 

20 
I N  
20 
20 

20 , 20 
20 I 211 



CHAPTER 5 

PATHOGENESIS AND PROPHYLAXIS OZ UNFAVORABLE 
EFFECTS OF WEIGHTLESSNESS 

1. Pathophysiological Analysis of the 
Fffect of Weightlessness on the Body 

in preceding sections of this book, the results of observa- - /237 
tioxls of the effect of weightlessness on the bodies of man and 
animals have been presented. These observations were carried out, 
both during brief weightlessness, created in parabolic aircraft 
flights and during longer flights of spacecraft. However, the 
prospects of growth of astronautics requires elucidation of the 
effect of prolonged weightlessness on the body, and it requires 
creation of a complete conception of the processes taking place in 
the body, under the influence of weightlessness. To develop 
effective measures for prophylaxis of the unfavorable effect of 
prolonsed weightlessness, the action of weightlessness on the body 
must be analyzed, from the viewpoint of pathological physiology, 
a science occu3ied with study of the effect of the basic etiological 
factor and of the conditions in which it acts, as well as with 
elucidation of the chain of development of the basic links in 
pathogenesis and establishment of the connections and vicious 
circles, which can arise in these cases. The task of pathophysio- 
logical analysis also includes determination of the total changes 
of both individual systems and the entire body of a man. Never- 
theless, very few efforts have been made at such an analysis up to 
now. 

This principle of approach to the problera can be useful, since 
it provides the possibility of a stricter prognosis of one disruption 
or another and, consequently, of a more purposeful selection of ways 
to protect from the unfavorable aftereffects of weightlessness and 
of their prophylaxis. 

A complete solution of this problem is very complicated and 
unusual. In the history of medicine, one pathological process or 
another, one disease or another, as a rule, has been observed /238 
completely, from start to finish, without tine limitations. Only 
after this have physicians proceeded to study of it and attempts at 
treatment. Other conditions are accumulated at this stage of the 
study of weightlessness. We have data on comparatively long (up to 
84 days) effects of weightlessness on the body, but, simultaneously 



with active prophylaxis of the unfavorable effects of it, during 
the flight in the Skylab orbital station. 

The logical necessity arises for constructing even hypothetical 
schemes and gzneral pictures of development of the process and 
individual links of it, without protective measures. In this case, 
the missing facts and their consequences have to be supplemented for 
the time being, with purely logical construction. However, it 
seems to us that it is not necessary to be particularly afraid of 
this, since the entire course of development of natural science and 
a number of its cardinal problems was built initially on hypotheses 
and assumptions. 

We attempt first of all to briefly characterize the basic 
etiological factor, the decrease or absence of the action of the 
force of gravity OF the body. I. Newton (1687) proved that a mutual 
attraction exists between all bodies in the universe. Two bodies 
attract each other with a force, directly proportional to the 
preduct of their masses and inversely proportional to the square of 
the distance between them. Based on the universal law of gravitation, 
all bodies on earth, as is well known in everyday practice, have a 
force of gravity, i.e., a force of attraction to the center of the 
earth. On the basis of Newton's law, it is easy to understand that 
the force of attraction differs in various sections of our planet ,r : 

or above its surface, since the distance to the center of the earth 
differs in different places on the planet. The weight of a body, s 

upon rising 1 km above the earth decreases its value by 0.0003 .t : 

(consequently, if a man weighs 100 kg, during flight in an aircraft 
at an altitude of 10 km, he will weigh 300 g less than on earth). 
At the poles of the earth, we weigh somewhat more (by 0.005 of our 
weight) than at the equator, since the earth is flattened at the 
poles and, moreover, centrifugal forces also act at the equator, 
also decreasing the weight. 

We briefly characterize the forces which act on the body while 
it is on earth. The force, with which a body presses on a support, 
is called the force of weight or gravity. The action of this force 
is manifested only when there is a support. In this case, the body 
presses on the support and on sections of the body adjacent to the 
support, and the force of gravity is the greatest, since all parts 
of the body located higher press against it. Consequently, the 
body is as if irregularly "loaded" with forces, acting downward in 
the direction of the support: the lower sections of the body (legs 
and especially feet) endure a greater load, and they are subject to 
greater deformation; the entire body is as though it were compressed, 
when a man is standing in a vertical position. Deformation is a 
very important characteristic of the effect of the force of gravity 
on the body. Changes in living structures, and specific deformations 
and compressions of them are actually illustrated by the decrease 
in height of a man in the vertical position, by 3-5 cm, compared 



with  him i n  t h e  prone p o s i t i o n .  S t i l l  another  impor tant  circumstance 
should b e  noted: i n  standing,-the blood and lymph, a s  w e l l  a s  ether 
f l u i d s , p o s i t i o n e d  i n  p lanes ,  i n  t h e  v e r t i c a l l y  s i t u a t e d  major 
v e s s e l s  of  t h e  body, p r e s s  downwa~d and c r e a t e  a h y d r o s t a t i c  p r e s s u r e  
of  a  column of l i q u i d ,  which a l s c  deforms t h e  v e s s e l s  and t i s s u e s  
somewhat. Th i s  is  t h e  f i r s t  and g e n e r a l  c h a r a c t e r i s t i c  of t h e  
e f f e c t  o f  t h e  f o r c e  of g r a v i t y  on a l i v i n g  organism. The main 
f e a t u r e  he re  is t h e  c r e a t i o n  of  deformation and of  a  d e f i n i t e  s t r e s s  
on t h e  s t r u c t u r e .  

What t a k e s  p l a c e  i n  we igh t l e s sness?  Weightlessness i s  t h e  (239 
name of t h e  s t a t e ,  i n  which t h e  e f f e c t  of  l o s s  o f  weight  or c e s s a t i o n  
of  t h e  a c t i o n  of t h e  f o r c e  o f  g r a v i t y  a r i s e s .  Consequently,  t h e  
main e t i o l o g i c a l  f a c t o r  i n  t h i s  case i s  t h e  t e rmina t ion  of t h e  a c t i o n  
of t h e  f o r c e  of  g r a v i t y  on t h e  body and e l i m i n a t i o n  of s t r u c t u r a l  
deformation and stress. It must be remembered t h a t  t h e  f o r c e  of  
g r a v i t a t i o n ,  w i t h  which t h e  e a r t h  a c t s  on any body, even b e f o r e  i t s  
c o n t a c t  w i t h  a suppor t  ( f o r  example, i n  f a l l i n g  o n , e a r t h ) ,  is a 
massive f o r c e ,  i.e., t h i s  f o r c e  s imul taneously  a c t s  on a l l  cells, 
molecules and atoms of  t h e  organism and c r e a t e s  a  uniform acce le ra -  
t i o n  i n  f a l l i n g .  When t h e r e  is  no suppor t ,  t h e r e  is no compression 
of  t h e  body, t h e r e  is  no deformation of it, and t h e r e  a r e  none of  
those  e f f e c t s ,  which a r e  c h a r a c t e r i s t i c  of t h e  a c t i o n  of t h e  f o r c e  
of g r a v i t y  on t h e  organism. More than  t h a t ,  dur ing  a f r e e  f a l l  on 
e a r t h  i n  an a i r l e s s  space (when t h e r e  is  no slowing down by t h e  a i r ) ,  
w i t h  t h e  a c c e l e r a t i o n  of  t h e  g r a v i t y  of e a r t h ,  i n e r t i a l  f o r c e s ,  
d i r e c t e d  a g a i n s t  t h e  a c c e l e r a t i o n ,  a r i s e  a t  each p o i n t  i n  t h e  
organism, i n  accordance wi th  Newton's law. These i n e r t i a l  f o r c e s  
a l s o  a r e  massive, i .e.,  they  a r i s e  a t  a l l  p o i n t s  of t h e  body 
simultaneousl.y, wi thout  excep t ion ,  and they  appear  t o  e q u a l i z e  t h o s e  
f o r c e s  o f  compression of  t h e  lower p a r t  of t h e  body by s e c t i o n s  
l y i n g  h i g h e r ,  which can a r i s e  i n  f a l l i n g .  Compression does n o t  
occur ,  s i n c e  t h e  f o r c e  of g r a v i t y  a c t s  s imul taneously  and uniformly 
on a l l  p o i n t s  of  t h e  body. Consequently,  i n  t h i s  c a s e ,  weight less-  
n e s s  and t h e  absence o f  deformation a l s o  arise i n  f a l l i n g ;  t h i s  is  
t h e  so-ca l led  dynamic weight lessness .  There is a s i m i l a r  type  of  
we igh t l e s sness  i n  o r x i t a l  f l i g h t s  of s p a c e c r a f t .  Another type  of  
weight lessness  e x i s t s ,  which could  a r i s e  a t  a s u f f i c i e n t  d i s t a n c e  
from e a r t h  o r  o t h e r  c e l e s t i a l  bodies ;  t h i s  type  of we igh t l e s sness  
i s  c a l l e d  s t a t i c .  - -- 

W e  t u r n  t o  t h e  ques t ion  of t h e  e f f e c t  of we igh t l e s sness ,  a s  t h e  
main e t i o l o g i c a l  f a c t o r  o f  space f l i g h t ,  c a c s i n g  s p e c i f i c  changes i n  
t h e  body. Of course ,  t h e r e  i s  a d i f f e r e n c e  i n  t h e  c o n d i t i o n s ,  under 
which any e t i o l o g i c a l  f a c t o r ,  inc lud ing  we igh t l e s sness ,  a c t s .  I f  
g-forces and v i b r a t i o n s  a c t e d  on t h e  body be fo re  t h i s ,  a  g e n e r a l  
s t a t e  of e x c i t a t i o n  is  noted,  t h e  e f f e c t  obvious ly  w i l l  be somewhat 
d i f f e r e n t  than  during t h e  a c t i o n  of  we igh t l e s sness  i t s e l f  a lone ,  
withou: t h i s  background. I n  an a c t u a l  space f l i g h t ,  w e  u n f o r t u n a t e l y  
always have t o  do wi th  t h e  e f f e c t  of a  s e t  of  f a c t o r s  and, t h e r e f o r e ,  
t h e s e  c o n d i t i o n s  must be taken i n t o  c o n s i d e r a t i o n  wi th  t h e  e f f e c t  of 
t h e  r a i n  e t i o l o g i c a l  f a c t o r ,  a l though t  t h e  main e t i o l o g i c a l  f a c t o r ,  



as follows from the basic assumptions of general pathology, determines 
the specifics of the disruptions observed and the process overall. 

It should be taken into consideration that gravitational fields 
apparently can have a definite effect on electromagnetic oscillations 
and, consequently, their action on the deepest and most elementary 
foundations of life, at the molecular, atomic and electron level, 
cannot be eliminated. As many investigators think, it is precisely 
at these levels that the most important functional, structural and 
energy cycles, determining the course and direction of the life 
processes, take place (L. Pauling, 1947; Szent-Gyorgyi 1963; B. 
Pulman, A. Pulman, 1965; A. Lehninger, 1966; D. Riegel, 1967, and 
others). The ideas expressed by Szent-Gyorgyi(l971) deserve particular 
attention in this regard. Since the gravitational fields, based on 
unified field theory, in all likelihood, may have some common 
features with electromagnetic magnetic fields, the action of 
which on living objects has already been precisely determined, and 
particularly intensive study has begun recently, both in our 
country (A. L. Chizhevskiy, 1963; Yu. A. Kholodov, 1966; A. S. /24G 
Presman, 1968, and others), and abroad (Beischer, 1962; Barnothy, 
1964; Haber-ditzel, 1967; Michaelson, 1967;Harneman, 1967, and others), 
a definite effect of a gravitational field or its interaction with 
the electromagnetic fields and their mutual action on living objects , 
cannot be eliminated. 

At the IV International Biophysical Congress, Yu. M. Svirezhev 
t 

P 
and V. V. Verigo (1972) presented interesting calculations, which 
prove that, if living cells are in an unstable state, variations in 
intensity of the gravitational field can cause a noticeable effect. 
In addition, in the opinion of these authors, weightlessness can 
affect the dynamics of the flow of cyclic autocatalysis reactions. 
This effect can be expressed by a change in reaction rates, because 
of differences in the probabilities of encounters of molecules of 
differing masses in the body of a cell, which also is determined by 
the laws of Brownian motion and diffusion. These are the possible 
deep aspects of the effect of absence or change in gravitation, on 
the atomic, molecular and subcellular levels. However, it must be 
considered that everything expressed here, with respect to the effect 
of gravitation on a body at these levels still is only of hypothetical 
importance, but the thought is forced that the absence or weakening 
of the gravitational field cannot be considered only as the absence 
of weight and removal of deformation, since other, still obscure 
effects G €  gravitation may be disclosed at the atomic and molecular 
levels. 



Proposed Pathogenesis  of t h e  E f f e c t  of 
Weightlessness on t h e  Body 

Le t  u s  a t tempt  t o  cons.ider, what t h e  s p e c i f i c s  of t h e  a c t i o n  of 
t h e  main e t i o l o g i c a l  f a c t o r  caus ing changes i n  t h e  body i n  space 
f l i g h t a r e  and t h e  cond i t ions  under which t h i s  e t i o l o g i c a l  f a c t o r  
a c t s .  

I t  is  w e l l  known t h a t  t h e  normal s t a t e  of  t h e  body e x i s t s ,  
u n t i l  t h e  proper ,  o r  more p r e c i s e l y ,  t h e  a d e q ~ a t e  ba lancing of  t h e  
organism w i t h  t h e  e x t e r n a l  medium is  d i s r u p t e d  by a p p r o p r i a t e  causes  
and conditons.  I n  o t h e r  words, a  l i m i t  must b e  e s t a b l i s h e d ,  beyond 
which a d a p t a t i o n  of  t h e  organism t o  t h e  medium becomes incomplete and 
inadequate (I. R. Pe t rov ,  1966).  This  is t h e  fundamental assumption 
o f  c l a s s i c a l  pathophysiology. Under normal c o n d i t i o n s  o f  l i f e ,  
ei t i~ex t h e  appearance of  new environmental f a c t o r s ,  n o t  p rev ious ly  
e x i s t i n g  ( f o r  exar,,ple, t h e  appearance of  a  new microbe) o r  a  s h a r p  
i n c r e a s e  o r  dec rease  i n  a  c c n s t a n t  f a c t o r  ( f o r  e x a ~ t p l e ,  tempera ture  
o r  oxygen con ten t  i n  t h e  a i r )  can induce a  pathology. I n  normal 
l i f e  on e a r t h ,  g r a v i t a t i o n  is such a  c o n s t a n t  f a c t o r .  I n  a  space 
f l i g h t ,  t h e  e t i o l o g i c a l  f a c t o r  capable  o f  caus ing a  d i s r u p t i o n  is  
t h e  complete o r  almost complete absence of  t h e  a c t i o n  of t h e  f o r c e  
o f  g r a v i t a t i o n  on t h e  body. It i s  important  t h a t  t h e  f o r c e  of g r a v i t y  
s t o p s  a c t i n g  i n  we igh t l e s sness ,  on a l l  organs ,  t i s s u e s ,  cells and 
even mclecules,  s i n c e  t h i s  is  a  mass f o r c e ,  a s  was s t a t e d  above. The 
c o n d i t i o n s  i n  which t h i s  p r i n c i p l e  a c t s  may be  preceding neuro- 
emotional  stress, a s  w e l l  a s  g-forces and v i b r a t i o n s  i n  t h e  powered 
s e c t i o n  of t h e  f l i g h t .  I n  a  long f l i g h t ,  i n  a d d i t i o n  t o  weight less-  
n e s s  i t s e l f ,  a s  t h e  main e t i o l o g i c a l  cause ,  t h e r e  may be a d d i t i o n a l  
c o n d i t i o n s  and e f f e c t s  of  a  number of  o t h e r  f a c t o r s ,  such a s ,  - /241 
f o r  example, hypokinesia ,  a  changed gaseous environment, d i s r u p t i o n  
o f  t h e  b i o l o g i c a l  rhythms, r a d i a t i o n ,  e t c .  However, it must always 
b e  remembered t h a t  t h e  main cause  of  a  pathology determines  t h e  
primary s p e c i f i c s  o f  an observed p rocess ,  of  i t s  primary q u a l i t y ,  
wi thout  which a  given p a t h o l o g i c a l  process  cannot  e x i s t  (I. R. Pe t rov ,  
1966).  I n  our  s p e c i f i c  c a s e ,  w e  cons ide r  t h e  main cause  t o  be 
prolonged weight lessness .  Consequently,  i n  an e f f o r t  t o  c a r r y  o u t  
an  a n a l y s i s ,  based on t h e  p r i n c i p l e s  of p a t h o p h y s i ~ l o g y ,  it should 
be  c l e a r l y  understood t h a t  w e  a r e  d e a l i n g ,  n o t  simply wi th  a  set 
of  f a c t o r s ,  b u t  wi th  t h e  a c t i o n  of  t h e  main e t i o l o g i c a l  f a c t o r  
(weight lessness)  and w i t h  t h e  c o n d i t i o n s  under which it a c t s .  We 
understand w e l l  t h a t ,  a s  is normal i n  l i f e ,  t h e  main e t i o l o g i c a l  
f a c t o r  may a f f e c t  t h e  o v e r a l l  process  more o r  less, depending on 
t h e  c o n d i t i o n s  under which It a c t s .  

A l l  t h e s e  c o n s i d e r a t i o n s  a r e  n o t  simply t h e o r e t i c a l  c o n j e c t u r e s ,  
b u t  p r i n c i p l e s  of approach t o  a n a l y s i s  of a  cha in  of cause -e f fec t  
connect ions,  wi thout  which it g e n e r a l l y  is  d i f f i c u l t  t o  analyze  t h e  
processes  a r i s i n g  i n  an organism i n  space f l i g h t .  A shor tage  of 
f a c t s  and of t h e i r  common connect ions  must be compensated f o r  h e r e ,  



to a certain extent, by efforts to construct logical schemes and 
hypothetical interrelationships. 

We have already discussed the fact that the effect of the force 
of gravity shows up in deformations generated in a man in individual 
parts and sections of the body. They can be very small and be 
measured, not in centimeters, but in millimeters or even microns. 
However, the body is far from indifferent to this. It. should be 
considered that the deformations take place to a certain extent, 
even when a man is simply lying in bed. Of course, they are smaller, 
since the supporting plane is distributed over larger areas and the 
direction of the force of gravity on the body is different, than in 
the vertical position, but it exists and causes a definite effect of 
deformation and compression. For a graphic idea of loads created on 
the body by the force of gravity, exemplary values of the weights 
of individual parts of the body, pressing down on sections of the 
body below, in its vertical and horizontal locations, are shown in 
Fig. 66. 

Normal compression, deformation and stretching of individual 
sections of the body and displacement of organs, caused by the force 
of gravity, lead to creation of constant functional loads on the 
body. This is primarily the generation of a flow of afferent 
information from various receptor formations (vestibular, tactile, 
proprioceptive, interoceptors, etc.). These are small displacements 
of vessels and nerves of underlying tissues, tightening of ligaments, 
loads on the skeletal elements of the body, displacement of parts of 
an organ, redistribution of body fluids, the appea ance of hydro- 
static pressure, the generation of muscle tension and tonus, etc. 
In the past decade, original data have appeared, indicating that 
pressure and microshifts, even in such dense tissues as structural 
elements of the bones or crystals in the otoliths of the vestibular 
apparatus induce generation of a small electrical potential, which 
can cause a ch3in of subsequent changes in body (Basset, 1965; Morris, 
Kittlen~an, 1967) and, in particular, stimulate trophism and growth 
of bones. 

Under weightless conditions, all these deformations and shifts 
disappear. The load on the entire body and all of its systems 
decreases abruptly. It should be considered here that such an 
etiological factor as weightlessness can act over the entire extent 
of development of the pathological process, although its role / 2 4 2  
evidently is not the same at different stages of the process, i . e . ,  
it can first weaken and then strengthen. 

In analyzing the effect of weightlessness, the reactivity of 
the body must be taken into consideration. Many centuries of clinical 
experience and results of a tremendous number of experimental studies 
are convincing evidence that the reactivity of the body and its 
resistance play a tremendous role in the emergence of a pathology 



and of i t s  course.  As i s  w e l l  known, t h e  re- - 2 k q  a c t i v i t y  of t h e  body is  c l o s e l y  connected w i t h  
regu1.ation of  t h e  constancy of t h e  i n t e r n a l  

' I  .- medium (homeostas is ) ,  c a r r i e d  o u t  by t h e  nervous 
* l5 kg and endocr ine  systems. The problem o f  s tudy  of 

t - .- .i 30 kg t h e  r e a c t i v i t y  o f  t h e  body, dur ing  t h e  a c t i o n  of 
a number of  f a c t o r s  of  space f l i g h t ,  i n c l u d i n g  ? 

. , I weigh t l e ssness ,  has  begun t o  r e c e i v e  more a t t e n -  . - ':45 kg 
. - -  t i o n  r e c e n r l y ,  and a p p r o p r i a t e  s p e c i a l  s t u d i e s  

I 
L a r e  be ing conducted (V. V. Pa r in ,  B. M. Fedorov, ' 

---.- ., ' )  s. 50 kg 1969; P. V. Vas i l ' yev ,  e t  a l . ,  1969; P. V. -. ,- - 
I '>  V a s i l t y e v ,  V. Y e .  Belay, e t  a l . ,  1971; Y e .  A. -- A . .i.- , -- I i.'60kg KovaLenko, P. V. VasLltyev,  1971).  

Thus, w e  proceed t o  an e f f o r t  t o  c o n s t r u c t  
[ ;  a g e n e r a l  scheme o f  pa thogenes is  of t h e  e f f e c t  

:r:._:+ 75 kg of we igh t l e s sness  on t h e  body. It fo l lows  from 
what has  been s a i d  above, t h a t  t h e  changes 

, , caused by t h e  absence o f  deformations i n  t h e  
! I 80 kg body, caused by t h e  f o r c e  of  g r a v i t y ,  can be 5. 
I i considered  t o  be t h e  l e a d i n g  .. , >..J 

ones i n  pa thogenes is .  One . , 
a 

of t h e  b a s i c ,  p r i n c i p a l  l i n k s  ." 
i n  t h e  pa thogenes is  is  t h e  20 kg 

1 "- /-- - , y 3 5  kg same s h i f t  of t h e  body 2 .* 

\- - 2L--'- 
_,__ -- . . . f l u i d s ,  f i r s t  and foremost  

.' . - - 
. _ _ -  __._.-. -- -.i- - -- of t h e  blood,  which have I 

- .  .._ .- -._ , , -. -..L 80 kg --- l o s t  weight.  I n  t u r n ,  t h i s  
l e a d s  t o  a  dec rease  and 

b 

Fig.  66. Appr0ximat.e d i s t r i b u t i o n  of  compression f o r c e s  : 
of over ly ing  p a r t s  of  t h e  body on under ly ing p a r t s  i n  t h e  
v e r t i c a l  (a) and h o r i z o n t a l  (b)  p o s i t i o n  of  a man 4 .  

change i n  t h e  f u n c t i o n a l  loads  on a number of  systems ( d e r i v a t i v e  
l i n k s  i n  pa thogenes is ) .  A decrease  and change i n  t h e  a f f e r e n t  
impulses from a number of systems and organs  t a k e s  p lace :  from t h e  
o t o l i t h s , f r o m  t h e  t a c t i l e  s e n s i t i v i t y   receptor^, from t h e  propr io-  i 

c e p t o r s ,  from t h e  i n t e r o c e p t o r s  of  a l l  organs and t i s s u e s  l o s i n g  
deformation,  inc lud ing  t h e  v a s c u l a r  regions ,  t u b u l a r  organs ,  etc. 
From everywhere t h a t  t h e  f o r c e  of  g r a v i t y  caused a c o n s t a n t  f low.of  
informat ion ,  on t h e  deformations,  stresses and t e n s i o n s  t a k i n g  p l a c e ,  
t h i s  informat ion  d i sappears  o r  changes. 

Removal of defcrrnation l e a d s  t o  a  dec rezse  i n  t h e  muscle tonus ,  
t h e  necessary  and c o n s t a n t l y  maintained t e n s i o n  of  one group of  
muscles o r  another ,  prevent ing  t h e  a c t i o n  o f  t h e  f o r c e  of g r a v i t y  i 

( f i r s t  and foremost ,  t h e  tonus  of  t h e  suppor t  muscles,  according t o  
Rademacher). This  causes  a  change i n  metabolism o f  t h e  muscle and 
bony t i s s u e s .  



One of the chief links in the pathogenesis is the shift of (243 
body fluid, first and foremost, the blood, which have lost weight. 
Redistribution of a large amount of the circulating blood in the 
vascular channels of the upper half of the body takes place, some 
change in pressure of the cerebrospinal fluid in the spinal column 
and cranial cavity can occur: specific shifts in the lymph flow 
are possible, because of removal of the hydrostatic pressure and 
because of loss of tonus of the muscles and other tissues, etc. 
The entire volume of body fluids is-as though partially moved to the 
upper part of the body. The volume of blood flowing to the heart 
changes, a flow of information arises from the volume receptors of 
the upper half of the body and the flow of it from the lower 
stctions of the vascular channels of the body decreases. Fallowing 
this, the next link in pathogenesis is switched on, such, for 
example, as change in regulation of the water-salt metabolism. 

One of the main links in the pathogenesis of a possible effect 
of prolonged weightlessness, the absence of the stimulating action 
of the force of gravity on the energy and plastic metabolism of.t!ie 
body, is more hidden in analysis of the change of evolving events. 
This is one of the major links, and it must be taken into cc\~,siPara- 
tion, without fail. 

All of the discussion presented is still hypothetical, of course. 
but, if we are to carry on a discussion as is accepted in patho- 

t 

physiology, i.e., that If the leading pathogenetic links of the 
effect of prolonged weightlessness, the decrease in deformation and 
shift of body fluids, are eliminated, it can be assumed that the 9 

f' 
entire chain of subsequent mechanisms of development of the dis- 
ruption is not disconnected. It also must be said that the concept 
of deformation itself (a term usually accepted in physics and 
mechanics) is not deep enough in the consciousness of biologists 
and physicians. In thinking through the essence of it and the bio- 
physlcial effects appearing in detail,, it very completely and com- 
prehensively characterizes the singularity of the effect of the 
force of gravity or absence of it on the body. It cannot be forgotten 
thet, from the point of view of physics, our bodies are a unique 
set of elastic, solid and liquid media, undergcing ueformation or 
shifts, like any other physical body. The specifics consist of the 
p.nique combination of these differences in biophysical properties 
of the body. In general form, the effect of the etiological factor 
and the primary, main link in pathogenesis is shown schematically 
below (Diagram 2) . 

We now proceed to the characteristics of the proposed mechanisms 
of action of weightlessness on a number of body systems. 



I Weightlessness I 
/ 

Absence of 

Disturbance 
of metabolism cardiovascular --.t watersalt 
in bone tissue 

Diagram 2: Proposed scheme of pathogenesis of the effect of 
weightlessness on the body (principal etiological factor and basic 
links in pathogenesis) 

Vestibular and Sensory Changes in 
Weightlessness 

The entire process of evolution has taken place in the gravi-a 
tational field or the earth. Life in the gravitational field has 
forced the body to take a strictly defined position, with respect 
to the gravitation vector. Moreover, situations always arise in 
real life, when some deviation of the body axis from the strictly 
directed gravitation vector has to be created. As a result, a well- 
matched system has been put together, permitting man to quite 
distinctly orient himself in space. This system is dependent on 
the activity of a number of receptor formations, and it depends 
primarily on the function of the main gravitation receptor, the 
vestibular apparatus. Simultaneously with information from the 
vestibular aparatus, signals from the skin-tactile receptors, 



proprioceptors and a number of interoceptors come in, as well as 
signals of visual perception of the surroundings. The entire set 6244  
of these signals assist man in orienting himself well in space, 
because of their clearly coordinated information. However, the main 
special orientation organ, with respect to the direction of the 
gravitational field of earth is the otolith apparatus. Under weight- 
less conditions, this delicately coordinated and well-settled system 
of interaction of the orientation analyzers, first and foremost, 
the otolith apparatus, begins to give fd!~e information. The only 
signal correctly informing as to the body position under weight lee^ 
conditions is vision, and the otolith apparatus, skin-tactile 
receptors, proprioceptive signals and interoceptors can return dis- 
torted afferent signals. All this leads to illusory feelings of the 
body position, a feeling of the upside-down position, the feeling of 
floating, rotating, etc. 

Space flight experience has shown that sensory disruptions 
arise in some Soviet and American astronauts (see Chapters 1, 2, 7). 
The situation is complicated by the fact that the disruptions of 
orientationand illusory disturbances are joir.ed to distinct vege- 
tative disorders, in the form of dizziness, nausea, vomiting, changes 
in pulse rate, paleness of the face, fluctuations of arterial pressure, 
etc. 

What is the cause and what is the pathogencais of the observed 
deviations in reactions of the analyzers, mainly, of the sharp 
vegetative disorders? 4 

The interaction of the analyzers providing orientation in space, 
formation of the correct posture and motor acts undergo sharp 
changes under weightless conditions. Despite the lack of knowledge 
on functions of the vestibular analyzer and the interactions of 
individual parts of it, on the basis of the work of A. N. Razumeyev 
and A. A. Shipov (1969), Ya. A. 1.i-nnikov, 0. G. Gazenko, et al., 6 2 4 5  
(1971) and a number of other studies, it can be assumed that the . 
otoliths stop fulfilling the role of stimulators of the neural gear 
of the vestibular apparatus in weightlessness. Since there is a 
mutual influence between the semicircular canals and the otoliths, 
expressed by inhibition of the function of the cupulo-endolymphatic 
syste:n, the semicircular canals, freed of the inhibiting effect of 
the otoliths, become more sensitive to adequate stimuli (G. L. 
Komendantov, V. I. Kopanev, 1962; Graybiel, Kennedy, 1969, and others). 
However, another opinion is known. In particular, Ye. M. Yuganov 
(1968) considers that, in the absence of gravity, no functional 
deviation of the otolith apparatus occurs, but, to the contrary, 
a "negative stimulusN for the otoliths is generated. As a result 
of the constant "negative" stimulation in weightlessness, motion- 
sickness symptoms appear. 

A number of authors hold to the point of view that vestibular 
disorders in weightlessness do not depend on the stopping of stimu- 



lation of the sense organ receptors, and they introduce into evidence 
the fact of preservation of spontaneous electrical activity of the 
labyrinth in this case. It is interesting that severing of the 
vestibular nerves causes other symptoms, but not those which are noted 
in the absence of gravitation. 

Vegetative disturbances are naturally a consequence ol -:estibli- 
lar disturbances, especially in those periods when the active move- 
ments required for work are made. True, undsr the prolonged 
effect of weightlessness, the vegetative disturbances caused by 
vestibular disturbances gradually weaken. More than that, almosc 
complete acclimatization to weightlessness can take place, and these 
disturbances are not repeated (Graybield, 1971). A good illustration 
of this is the almost complete acclimatization to weightlessness, 
observed in a period of 2-3 days in A. G. Nikolayev and V. I. 
Sevast'yanov (V. I. Vorob'ev, A. D. Yegorov, et al., 1970). 

Analysis of the condition of a man in open space shows that, as 
A. A. Leonov and V. I. Lebedev (1968) consider, the primary importance 
in orientation and movementsinweightlessness in open space is 
acquired, first and foremost, by vision, thsn tactile and, finally, 
muscle-joint feeling. Signals from the vestibular and interoceptive 
analyzers are of less importance. Consequently, the mechanism of 
the disruptions arising in weightlessness consists, not so much of 
disruptions of the function of some one analyzer (even such a 

I _  

specific one as the vestibular), as in breaking up of the usually . . 
well-coordinated effect of the set of analyzer systems: vestibular, 1 
proprioceptive, skin-tactile, visual, etc. Possible connections an2 
mechanisms of the disturbances arising are shown in Diagram 3. 

For a detailed disclosure of the mechanism of vestibular dis- 
ruptions, one of the most important evidently is precise determin- 
ation of the functional connections between the vestibular apparatus 
itself and different sections of the parasympathetic and sympathetic 
systems. This problem has not been solved conc1t:~ively up to the 
present time, although the effect of the vestibular receptors on 
singularities of brain blood circulation has been clearly demonstrated 
in the works of B. N. Klosovskiy and Ye. N. Kosmaxskaya (1961) and 
A. N. Razumeyev and A. A. Shipov (1969). 

The problem of the m~r5anisms of the functioning of the vestibu- 
lar apparatus in weightlessness undoubtedly has a number of compli- 
cations, the more so that there still is no complete concept now, 
even about such important and fundamental aspects of the problem,/246 
as the function of the otolith. There is not a single opinion as 
to whether the otoliths are stimulated by sliding or compression or, 
possibly, tension (Corvera, Hallpike, Schuster, 1958; Miller, 1962). 
If, for example, compression or tension of the otoliths takes place, 
the otolith crystals may generate electrical potentials in specific 
cases, i.e., have the properties of piezocrystals. These potentials 
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Diagram 3; Proposed scheme of pathogenesis of vestibular and 
sensory changes in weightlessness: solid lines established connec- 
tions; dashed lines, hypothetical connections 

can play a part in creation of signals and the function of the oto- 
lith apparatus itself (Morris, Kittleman, 1967). There also are data 
that a unique "yellow spot" exists in the otolith apparatus, analo- 
gous to "bl.ind spotn in the retina of the eye. This ~ o n s i d e r ~ l y  
expands ovJr conceptions of the functions of the otolith in weightless- 
ness (Nelson, 1968); in those cases, when the otolith falls on the 
"yellow spot," there may be a greater change in the afferent impulses. 



Despite intensive study of this link in pathogenebis of khe 
effect sf weightlessness in recent years, the main problem of the 
precise mechanisms and nature of the connections between the effect 
of weightlessness on the vesti5ular function and the vegetative 
disorders induced here has not be conclusively solved. 

Possible disruptions of the vestibular apparatus, leading to /247 
distortion of orientation in space, as well as to a number af vege- 
tative disorders, are shown in Diagram 3. 

Speaking of the sensory reactions in weightlessness, of the 
changes in afferentation arisin-I. the significant changes in pulses 
from the tactile receptors, beckuse of removal of the pressure in 
contact of the skin surface with the support and with surrounding 
objects, cannot be forgotten. Together with this, changes in the 
proprioceptive pulses take place, arising in connection with the 
absence of the effect'o5 gravity and deformations, which were 
spoken of earlier. 

Thus, oc the basis of data now existing, on the effect of 
comparatively brief weightlessness, it can be considered that one 
of the leading pathogenetic links is disruptic:, of the well- 
coordinated interactions of varicus analyzers, providing correct 
orientation in space unscr ground conditions. The leading ~ ? r t  In 
this case is played by disruption of afferentation of the vestibular 
analyzer. The vegetative discrders, especially disturbances of the 
brain blood supply, caused by b,tirnulation of the ,restibular nuclei, 
are of significant importance here. 

Mechanisms of i'isruption nf Cardiovescular 
System Function in Weightlessness 

In examination of the principal links in pathogenesis of the 
effect of weightlessness on the body, it has been noted that there 
apF l-ently are two links, on which development of the entire uub- 
sequent chain of disruptions depends, to a great extent. Under 
weightless conditions, deformation is removed from a number of 
systems of the body and, in addition, the weight of the blood dis- 
appears, which leads to redistribution of the circulating blood. 

We attempt to examine the mechanism of changes observed in the 
cardiovascular system in greater detail. When our body is in the 
vertical position on earth, the pressure of the weight of the 
vertical column of blood, i.e., hydrostatic pressure, is added to 
the pressure created by the work of the heart in the large vessels 
located on the longitudinal axis of the body. The magnitude of khis 
pressure is very significant. If the height of a man is assumed to 
be about 180 Cmr the distance from the heart to the feet is approxi- 
mately 135-140 cm and, fzcm the heart to the l*ain, 45-40 cm. It 
is easy to calculate here that the blood pressure i~ the vessels of 



lower p a r t  of t h e  l e g s  w i l l  be  135-140 c m  H 0 g r e a t e r  than  a t  t h e  
l e v e l  of t h e  h e a r t .  If t h e s e  d a t a  a r e  r e c a  1 c u l a t e d  to  a mercury 
cclumn ( s p e c i f i c  weight  of  mercury 1 3 . 6 ) ,  t h e  p r e s s u r e  is about  100- 
150 mm Hg. Thus, it t u r n s  o u t  t h a t  t h e  t o t a l  p r e s s u r e  i n  t h e  l a r g e  
v e s s e l s  i n  t h e  lower p a r t  of t h e  l e g s  w i l l  n o t  be  115-120 nun Hg, a s  
it usua l ly  i s  normally a t  t h e  l e v e l  of  t h e  h e a r t  cr, say ,  i n  t h e  
shoulder  a r t e r i e s ,  b u t  220-225 mm Hg. I n  o t h e r  words, it i s  as 
though t h e r e  were a unique "hypertonia,"  b u t  t h i s  is  t h e  a b s o l u t e  
s tandard  f o r  t h e  v e r t i c a l  p o s i t i o n  of  t h e  body and vessels o f  t h e  
l egs .  The e l a s t i c  p r o p e r t i e s  of  t h e  v e s s e l  membranes, t h e  e l a s t i c i t y  
of t h e  walls of t h e  a r t e r i a l  c i r c u l a t i o n  and t h e  t u r g o r  of  t h e  
ad jacen t  t i s s u e s  a l l  c r e a t e  a  corresponding coun te rp ressure  t o  t h e  
.i.ncreased blood p ressure  and, t h e r e f c x e ?  no p a r t i c u l a r  d i l a t i o n  o f  
t h e  v e s s e l s  of  t h e  l e g s  t a k e s  p lace .  However, t h e r e  are two main 
f a c t o r s  i n  t h e  e n t i r e  system, prevent ing  d i l a t i o n  of t h e  v e s s e l s  and 
depos i t ion  of t h e  blood i n  t h e  lower h a l f  of  t h e  body i n  t h e  v e r t i c a l  
pos i t ion .  The f i r s t  f a c t o r  is c o n t r a c t i o n  o f  t h e  s u s c l e s  o f  t h e  
limbs and abdominal wal l .  An i n c r e a s e  i n  tonus  of t h e  abdominal 1 2 4 8  
musculature i n c r e a s e s  t h e  i n t r a p e r i t o n e a l  p ressure  and l e a d s  t c  
com?ression of t h e  v e s s e l s  of t h e  abdominal c a v i t y ,  and t h e  v e s s e l s  
of t h e  l e g s  a r e  squeezed by c o n t r a c t i o n  of  t h e  musculature of  t h e  
l egs .  Together wi th  t h i s ,  rhythmic c o n t r a c t i o n  of t h e  muscles 
causes  movement of t h e  blood along t h e  v e i n s ,  s i n c e  t h e  venous pump 
begins  t o  a c t  he re  (Gayton, 1963, and o t h e r s ) .  

The second f a c t o r  i s  t h e  u s u a l l y  we l l - r egu la ted  r e f l e x  i c c r e a s e  
i n  tonus of  t h e  v e s s e l s  of t h e  l e g s  and t C e  e n t i r e  lower p a r t  of  t h e  
body. 

However, with change oE body p o s i t i o n  under normal e a r t h  cc!l- 
d i t i o n s ,  a  d e f i n i t e  depos i t ion  of  p a r t  of t h e  blood t a k e s  p lace ,  i n  
t h e  somewhat d i l a t e d  v a s c u l a r  channels  of  t h e  lower h a l f  of  t h e  body. 
According t o  t h e  d a t a  of  Gayton :1963), t h e  normal degree o f  e l a s -  
t i c i t y  of  t h e  v e s s e l  w a l l s  ( i n  volumetr ic  v a l u e s )  is 0.02 m l  pe r  
1 m l  of blood, on t h e  average. I n  normal a r i s i n g  from bed, t h e  
minute volume of t h e  h e a r t  decreases  by 20-40%. These s h i f t s  woul2 
undoubtedly be  g r e a t e r ,  i f  t h e  e n t i r e  system of  t h e  compensation 
mechanisms i n d i c a t e d  d i d  n o t  p a r t i c i p a t e  a s  a  set i n  p reven t ing  t h e  
displacement of blocd by t h e  f o r c e  of g r a v i t y .  The venous p o r t i o n  
of t h e  blood c i r c u l a t i o n  deserves  s p e c i a l  a t t e n t i o n  under t h e s e  
cond i t ions ,  s i n c e  t h e r e  is  normal ly  cons iderably  more blood i n  it 
(80%) than i n  t h e  a r t e r i e s .  The h y d r o s t a t i c  p r e s s u r e  o f  t h e  venous 
blood column is  d i r e c t e d  a g a i n s t  i t s  movement t o  t h e  r i g h t  a u r i c l e ,  
i .e.,  t h e r e  e x i s t s  a seexriing o b s t a c l e  t o  v e m u s r e t u r n  o f  t h e  blood 
t o  t h e  h e a r t .  Normally, t h i s  phenomenon u j u a l l y  i s  w e l l  compensated 
f o r  by t h e  tonus of t h e  w a l l s  o f  t h e  v e i n s ,  by muscle c o n t r a c t i o n s  
compressing t h e  ve ins ,  by t h e  presence of venous v a l v e s ,  t h e  
sucki rg  a c t i o n  of t h e  t h o r a c i c  cage and by a . s m a l l  r e s i d u a l  s y s t o l i c  
pulse  of t h e  h e a r t  t r a n s m i t t e d  by t h e  blood pass ing  through t h e  
c a p i l l a r i e s .  I n  t h e  region of t h e  head and upper p a r t  of t3e body, 
on t h e  o t h e r  hand, t h e  f o r c e  of g r a v i t y  on t h e  blood promotes r e t u r n  
of t h e  venous blood t o  t h e  s u p e r i o r  vena cava and t o  t h e  r i g h t  



auricle . For a clear representation of this picture, it can be 
represented, in the fonn of the schematic model of the circulatory 
system and the effect of the force of terrestrial gravity on it 
(Fig. 67). 

In or*- 
static 
collapse 

Fig. 67. Diagram of effect of hydrostatic pressme on 
blood circulation and of the absence of it in weight- 
lessness: numbers are the blood pressure in different 
parts of the circulatory system; A, at normal hydro- 
static pressure (the additional capacity of the circu- 
latory system, formed by deconditioning after a stay in 
weightlessness, is shown in black); B in weightlessness 

What takes place when the body enters weightlessness? We 
present simply a situation, in which a man assumes the horizontal 
position, since the horizontal position of the body partially 
simulates the changes in hemodynamics arising in weightlessness, and 
this is widely used (Miller, et al., 1964; Giovanni, et al., 1964; 
VOgt, et al., 1966, 1967, and others). In the horizontal position, 
the primary, large main vessels, located along the longitudinal axis 
of the body, become perpendicular to the gravitation vector and the 
hydrostatic pressure of the blood decreases. A redistribution of the 
circulating blood takes place; blood filling of the legs can de- 
crease by up to SO%, and blood pressure on the vessels of the lower 
half of the body disappears. The blood supply to the brain increases 
by almost 20%. The venousreturn of the blood from the lower half 
of the body increases considerably, since the hydrostatic pressure 
opposing the blood flow to the heart disappecrs. In the opinion of 
Gayton (1963), the minute volume of blood may increase by 20-40% and, 
according to thi- data of Lamb (1964, 1965), in changing from the. 
vertical position to the horizontal, the minute volume of the heart 



increases fror., 900 to 5000 ml and more per minute. Under these 
conditions, ti ~lood filling of the entire upper half of the body 
increases and the load on the circulation system of the lower half 
of the body and legs decreases sharply, Moreover, when a man lies 
down, the leg muscles relax, the tonus of the abdominal muscles 
decreases and the intra-abdominal pressure decreases and, consequently, 
the pressure on the vessels located in these sections of the body. /249 
If this state is continued sufficiently long and daily exercising of 
the circulatory system does not take place, by changing from the 
horizontal position to the vertical, deconditioning of a large and 
very capacious section of the circulatory system arises. The 
possibility of rapid and adequate switching on of reflex regulation 
of thetonousvessels will be lost, the tonus of the muscle system 
will be lost, and the general turgor of the tissues will decrease, 
i.e., changes will take place, which are usually observed after a 
long stay in bed. The result of this, in changing to the vertical 
position, may be development of orthostatic hypotension and even 
collapse, 

A sinilar situation arises after a long stay in weightlessness. 
As experience demonstrates, upon return from weightlessness even with 
a comparatively short space flight (Berry, 1966, 1967, 1969), as well 
as after a long stay in bed, orthostatic hypotension develope, as a 
rule, i.e., a situation when vascular tonus is lost and deposition of 
part of the blood in the deconditioiled circulatory system of the 
lower half of the body takes place. Still another circumstance is 
important. The development of orthostatic intolerance after a stay 
in weightlessness or a long bed rest can be explained, not only by 
redistribution of the blood in the deconditioned circulatory system, 
but by a decrease in blood plasma volume, which has repeatedly been 
recorded. It apparently arises, as a result of increase in stimu- 
lation of the baroreceptors of the central veins, and this, in turn, 
promotes suppression of secretion of antidiuretic hormone and aldos- 
terone (Henry-Gauer reflex), causing an increase in sodium and water 
diuresis (Anderson, et al,, 1959; Gauer, Henry, et al., 1961; Mills, 
1965; Kleman, Fichman, 1967). 

A definite part may be played in weightlessness by the decrease 
in production of the hypothetically so-called third factor, 
regulating, as it is thought, at the nephrcn level, glomerulus- 1250  
tubule filtration (Bricker, 1967). Experimental data and calculations 
carried out by Hyatt (1970) show that in hypokinesia, simulating weight- 
lessness, in the horizontal position, the loss of volume of intra- 
vascular fluid before the test in the vertical position was 500 ml in 
a man and, in CA-1a~gir.g to the vertical position during the ortho- 
static test after hypokinesia, another approximately 500 ml of the 
liquid part of the plasma, discharged from the circulatory system, is 
lost, since filtration of fluid from the deconditioned vessels is 
increased. In this manner, the blood volume can decrease by 1000 ml, 
and not by 500 ml, as is normal in the vertical posture, without 
prelimir~ary hypokinesia. This significant reduction in voltme of 



circulating blood, together with deposition of blood in the vessels 
of the lower limbs, whichhavelost tonus, causes a sharp anemia of 
the brain. Interesting data on significant change in the blood 
filling of the head in weightlessness and in the orthostatic test 
have been prcdented by Yu. Ye. Moskalenko and colleagues (1971). 
An experiment, carried out on 2000 rats, kept 100-130 days under 
hypokinesia, indicates elimination of part of the fluid from the 
body. A 70-80% increase in diuresis, compared with control data, 
was successfully found here (Ye. A. Kovalenko, V. L. Popkov, et al., 
1971). Consequently, even in animals, which, as is well known, are 
primarily in the horizontal position all the time, prolonged hypo- 
kinesia in itself leads to significant increase in elimination of 
fluid from the body and, consequently, to a decrease in blood mass. 
This fact shows that, under weightless conditions, in which a 
definite degree of hypokinesia will always be observed, to one extent 
or another, this circumstance also must be considered to favor a 
decrease in mass of the circulating blood. This emphasizes the 
importance of physical training in flight, for prophylaxis of the 
unfavorable effects of weightlessness, which is discussed in detail 
in section 3 of this chapter. In addition, the loss of fluid takes 
place, not only fxom the plasma, but from the fluids of other spaces. 
In simulation of weightlessness by bed rest, the volume of extra- 
cellular fluid (determined by 35s) and the total volume of water in 
the body decrease (Vogt, Johnson, 1967), and it has been shown, by 
incorporation of labeled brorr,j.ne (82~r), that the tatal volume of 
extracellular fluid decreased by 3C0 ml(Hyatt, 1970). 

Thus, it is evident that, in weightlessness and co-litions 
simulating it, an increase in elimination of fluid from the body is 
clearly observed; a decrease in the volume of circulating blood can 
taks place, because of this phenomenon. 

Thus, as a result of deposition o.f blood in the vertical posi- 
tion of the body and decrease in mass cf it because of dehydration, 
anemia of the brain and loss of conscio~,isness can occur; i.e., 
that which is called orthostatic collapse. In these cases, as a 
rule, the pulse pressure decreases, blood filling of the legs 
increases and compensatory quickening of the pulse sets in (Berry, 
1966, 1969, and others). 

Consequently, one of the main concluding links in pathogenesis 
of orthostatic collapse should be development of an oxygen in- 
sufficiency of the brain. This phenomenon has been reproduced, to 
a certain extent, in an experiment, with establishment 02 the 
vertical position of the body, even without preceding weightlessness 
and only with partial simulation of it by prclonged hypokinesia. 
In tests on animals (rats), after long (100-day) hypokinesia, in 
changing from the hori~ontal position to the vertical, 3 signifl- /251 
cant reduction in oxygen pressuze right in the brain tissues was 
recorded (Ye. A. Kovalenko, A. V. Ryazhskiy, 1972, A .  V. Ryazhskiy, 



I 1973). The presence of hypoxia of the brain, in orthostasis after 
hypok~ esia, was directly and successfully demonstrated by these 
tests. S 

We examine still other aspects of possible consequences of 
redistribution of the blood and changes in the blood flow arising 
in weightlessness. Upon entering weightlessness, a redistribution 
of the bloodand an increase in blood filling of the vena cavae, 
right auricle, pulmonary circulation and left auricle takes place. 
As a result of the increase in venousreturn of the blood, a 
specific rearrangement of all the interactions of the cardiac and 
vascular reflexes, which were well balanced on earth, may begin. 
As a rule, astronauts almost always note a feeling of blood rushing 
to the head, heaviness of the head, LS well as some hyperemia of 
the skin of the face and of the sclera, upon entering weightlessness 
(Berry, 1969, 1970, 1971; V. I. Vorob'yev, Yu. G. Nefedov, et al., 
1970a, 1970b). These data are evidence cf perceptible subjective 
symptoms of an increase in blood filling of the upper part of the 
body, especially, of the head. 

In response to the increase in blood filling of the circulatory 
system of the upper half of the body, an increase in reflex de- 
pressor effects may arise in the sinocarotid zone, and overfilling 
of the vena cavae may increase the effect of the reflex component 
of the Bainbridge reflex. The interaction of these reflexes may 
have an opposite effect, to a cert~in extent. The depressor reflex, 
upon overfilling of the carotid artery, will be directed toward 
some slowing down of the pulse rate. It is interesting that the 
slowing of the pulse and some decrease in arterial pressure actually 
was noted in nearly ali astronauts, during the first hours in weight- 
lessness. This permits the thought cf such a depressor reflex 
mecha:lsm. The more so, that a reduction in physical load takes 
place in a nunber of systems and, consequently, in the requirements 
on the hemodynamics function. Under these conditions, some dominance 
of vagus tonus, i.e., predominance of the parasympathetic influences 
sets in (N. M. Sisakyan, V. I. Yazdovskiy, 1962; P. V. Vasil'ev 
A. A. Voskresenskiy, et al., 1965; Johnson, 1971, and others). 
Together with this, the reflex effect from the vena cavae (Bainbridge 
reflex) is directed toward discharging the increased amount of blood 
flowin? LG the right side of the heart. This can increase the heart 
rate al:r lead to periodical quickening of the heart rate. These 
mut!:-,:ly opposite effects, inadequate to the clehrly coordinated 

SIn freemaintenance of the rats (in the control), they frequently 
assuqe the vertical posture, and in this case, they condition the 
brain blood supply mechanism, but this does not occar in prolonged 
hypoki~esia. 



reflex.interactions on earth, may cause instability and a very labile 
change in the heart rate in weightlessness. The general picture of 
change in cardiovascular system regulation may be complicated still 
more, because the muscle function and discharge of adrenalin and, 
especially, of noradrenalin into the blood decreases sharply. 

All this is a basis for considering that a very important link 
in pathogenesis of the disturbances caused by weightlessness is a 
decrease in oxygen, more precisely, the energy requirement of the 
tissues of many body systems in the absence of the effect of gravity. 
This is an extremely important circumstance, since that is an 
opinion in physiology that the "oxygen regulatory mechanism" in the 
tissues can sometimes play an even greater part than the neuro- /252 
regulatory mechanisms. The latter has been proved, by means of 
complete resection of the vegetative nervesofthe muscles; regulation 
of the muscle blood flow, depending on the oxygen requirement of a 
given tissue, XTas strictly preserved, in this case (Gayton, 1963). 

A decrease in oxygen demand with decrease in load on the 
muscular system may lead to a slewing of the pulse and reduction in 
arterial pressure and, further, to a change in such an important and 
essentially central hemodynamics indicator as the minute volume of 
blood. True, initially, in the first period of weightlessness, to 
the contrary, the minute volume will increase, by virtue of re- 
distribution of the blood and increase in venousreturn. However, 
in proportion to adaptation to weightless conditions and reduction 8 i 
in oxygen demand, it can then decrease. 

We have already partially discussed the problem of change in 
plasma and the fluid volume in the body in weightlessness, which can 
aggravate the disturbances of the hemodynarnics. The reduction in 
load on the cardiovascular system, caused by the decrease in oxygen 
demand, can cause deconditioning of the left side of the heart and 
a decrease in tonus of the peripheral circulation vessels, including 
the tonus of the arterioles, veins and capillaries. 

There already are some facts on this. In X-ray photographs of 
the thoracic cage of 19 of 27 astronauts in the Apollo crews, a 
decrease has been found in the size of the heart shadow. Its trans- 
verse diameter was decreased by 0.5-3 cm from the preflight data. 
Clinical electrocardiograms made after the flight showed a decrease 
in T-spike amplitude in a number of astronauts; a shift of the QRS 
complex and T-spike took place in some astronauts. 

The change in heart rhythm of the American astronauts in the 
Apollo 15 flight is very interesting. As is well known, the members 
of this crew performed quite a large amount of physical work and 
were subjected to very significant emotional stress during the flight, 

on the moon. After 157 hours from the especially while out 
start of the flight, a ventricular extrasystole was noted in J. Y 

i 



Irwin, the lunar module pilot and, after 179 hours of the flight, 
before separation of the lunar module, bigeminy (12 double beats of 

1 the heart per minute) was detected in him (Berry, 1972). In this 
case, the lowest pulse rate recorded from the astronauts also was 
observeci, which, in the opinion of Berry (1972), can reach 30 beats 
per minute during sleep in weightlessness. Five days after this 
flight, the metabolism of labeled potassium ( 4 2 ~ )  ill the body was 
successfully traced. A 10-15% decrease in total content of 
pctassium participating in the metabolic processes was established 
(Johnson, Hoffer, Wolthuis, Gowen, 1972; Alexander, 1972). 

The heart ratesofthe Apollo crew members, measured after the 
flight at rest, was considerably higher in 13 of 18 astronauts than 
before the flight (Johnson, 1971). These data confirm that the 
heart function and, possibly, its morphology and microstructure 
react in a specific manner to reduction in oxygen demand and change 
in hernodynamics during and after a stay in weightlessness. At the 
same time as this, significant change in vessel tonus is observed, 
which is especially graphically demonstrated during conduct of the 
postflight orthostatic test, by a marked decrease in orthostatic c 
tolerance, right up to development of a prefainting condition. In t f particular, data on orthostatic tolerance of the Apollo 10 - Apollo 14 : 

crew men-bers (pulse rate, indices or arterial prcssure and blood 6253 i 
filling of the legs, as well as subjective symptoms) indicate that 
orthostatic tolerance is decreased after a stay in weightlessness 
(Berry, 1970, 1971, 1972). After the still longer flight in Soyuz 9, 
dizziness, weakness and a noticeable acceleration of the heart beats 
of astronauts A. G. Nikolayev and V. I. Sevast'yanov was noted, 
during a change to the vertical position immediately after the flight 
(Ye. I. Vorob'ev, A. D. Yegorov, et al., 1970, as well as section 5 
of Chapter 5). Important data have been obtained in simulation of 
weightlessness by prolonged (for a period of 28 days) bed rest. /254 
(Hyatt, 1970). Conduct of a passive orthostatic test on a tilting 
table (turned to 70' )  after this, also led, in a number of cases to 
such a threatening phenomenon, as stopping of the heart for several 
seconds (with complete absence of ventricular contractions). The 
outcom could be very serious, in develcpment of this phenomenon. 
It cannot be forgotten that marked, developing anemia and hypoxia 
of the brain can take place at this time, because of outflow of blood 
into the vessels of the lower half of the body, which have lost 
their tonus. The combination of anemia of the brain and hypoxis 
of its vitally important centers (vascular and respiratory) and even 
a brief stopping of the heart can cause tragic consequences. It is 
difficuli; now to predict precisely what disturbances of the cardio- 
vascular system might develop, after still longer flights and stays 
in weightlessness. The chain of these changes and the disruptions 
observed can lead to definite pathological changes, in the form of 
dystrophy of the cardiac muscle and even to some decompensation of 
cardiovascular activity, as well as to congestion phenomena in the 
veins of the peripheral and pulmonary circulation. The outcome of 
this may be disruption of the oxidative processes in various tissues 



and organs which, with prolonged action, can cause degenerative 
phenomena in the tissues of the parenchymatous oxsans (Diagram 4). 
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Diagram 4: Pro~osed scheme of pathogenesis of disturbances of 
the cardiovascular system i~ weightlessness and following 
weightlessness 



All these conjectural disturbances apparently can develop,. if 
the process of deconditioning of the cardiovasc~~lar system in 
weightlessness progresses, and does not remain at some new, even 
changed, but stable level, and if no protective and prophylactic 
measures are taken. In any case, this danger must be thought of, 
so that it is not permitted and that it can be learned how to 
prevent it ahead of time or combat it. 

In discussion of the pathogenesis of disturbances of the 
cardiovascular system in general form, we still have not been 
concerned with one important link in the chain of changes observed. 
By redistribution of the blood and increase in the amount of it in 
the upper section of the body, especially in the intrathoracic 
section, the volume of blood in the blood circulation organs 
located inside the thoracic cage increases si~nificantly. To a 
certain extent, this situation is analagous to the state, in which 
an increase in mass of circulating blood in the body takes place 
and, of course, it is assumed that the mechanisms providing for 
decrease in mass of blood, in order to return it to the normal 
homeostatic standard, must be switched on, to maintain the normal 
volunte of circulating blood. 

In a series of detailed studies, conducted by Gauer and Henry 
(1956, 1963, 1968, 1970), it was clearly demonstrated that an 
iccrease in intrathoracic blood volume s,xitches cn reflex mechanisms, 
in particular, it stimulates the barorece~tors of the heart and 
leads to an increase in diuresis, i.e., e'imination of fluid from 
the body. In this way, a close connecticn is formed between the 
pathogenetic links of the cardiovascular system and the link 
regulating water-salt metabolism. 

Mechanism of Change in Water-Salt 
Metabolism in Prolonged Weightlessness 

As has already been noted, in weightlessness, astronauts usually 
experier~ce an immediate increase in blood filling of the vessels of 
the face and head. There is some basis for thinking that, in these 
cases, blood filling of the uppper sections and of the large /255 - 
vessels of the heart increases, approximately the same as occurs in 
changing the body position from the vertical to the horizontal or to 
head-down position. In such cases, the venats return of blood to the 
heart increases and, as we have already said, an increase takes 
place in the minute volume of blood. Increased blood filling of 
the vessels of the upper half of the body and of the intrathoracic 
vessels leads to some dilation of the vessels and tissues. In turn, 
all this increases stimulation of the vascular receptors 2nd volume 
receptors of the entire upper half of the body. However, it is 
just local accumulation of blood in large sections of the intro- 
thoracic blood circulation system, which is particularly important. 
This causes dilation of the auricle and stimulates the so-called 
Nonidez-Paintal receptors in them (Gauer, 1972), as well as the 
network of nerve fibers without myelin membranes,. located in other 



sections of the heart, which have been found in recent years, by 
more delicate ana$on.ical and physiological methods of investigation 
(Johnston, 1968; Oberg, White, 1970; Malliani, et al., 1971). 
The receptor impulses are transmitted from here, through the vagus, 
to the central nervous system. An increase in diuresis sets in after 
this. Tests have shown that the pathway is precisely this, since 
diuresis clearly was decreased by resection of the vagus nerve 
(Gauer, Henry, 1956; Gauer, Eckert, et al., 1967). 

All this chain of afferent effects, coming in from the stretched 
receptor zones of the heart and, in all likelihood, from other, still 
insufficiently precisely established volume receptors, is called 
the Henry-Gauer reflex. In keen-witted tests of human respiration 
under a low negative pressure and, consequently, with increased 
intrathoracic blood filling, these authors showed that a marked 
increase in diuresis sets in. These investigators obtained similar 
data, when the subjects were submerged in an immersion liquid and 
redistribution of the blood from the surface sections of the body 
to the inner ones took place, as a result of the hydrostatic pressure 
of the liquid oc the body surface. Diuresis also increased here 
(Gauer, Henry, 1963, 1970; Gauer, 1968, 171). 

The chain of processes developing in weightlessne~s can be 
represented in the following manner. Redistribution of the blood 
leads to en increase in blood filling of the intrathoracic vessels, 
heart and the entire upper half of the body. This produces a flow 
of pulses to the central nervous system. The incoming information 
causes suppression of the antidiuretic hormone center. Less anti- 
diuretic hormone begins to enter the blood from the hypophysis; 
the latter increases diuresis, leads to discharge of water and of 
sodium with it; definite dehydration of the body takes place. 
Together with dehydration, some decrease in weight occurs. As is 
well known, a loss of weight is noted in nearly all astronauts 
after a flight, quickly proceeding on earth. 

Still another circumstance must be noted. Since, under normal 
conditions on earth, the arterial pressure in the lower part of the 
body, in the vertical position, is increased, because of the hydro- 
static pressure, the fluid part of the blood escapes from the 
circulatory system at the arterial ends of the capillaries. This 
occurs, because the arterial pressure exceeds the oncotic and osmotic 
pressure retaining the blood fluid. The picture is different in 
the venous section of the capillaries. The oncotic and osmotic 
pressure begin to exceed the reduced blood pressuresin the venous 
section of the capillaries and the fluid part of the blood escaping 
from the capillaries is again sucked into the blood circulation. 
This phenomenon has long been known in physiology by the name of /256 
the Stalling effect. Under weightless conditions, the added hydro- 
static pressure is absent, and leaking of the liquid part of the 
blood at the arterial end of the capillary will not take place to 
the same extent as on earth. As a consequence of this, some hydremia 
of the blood and, besides, an increase in mass of circalating blood 
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may set intin the initial period of weightlessness. Of course, 
compensatory mechanisms, directed toward maintenance of an adequate 
blood volume, corresponding to the new capacity of the circulatory 

1 system, also is switched on here. In turn, this increases the 
fluid eliminated from the body but, since the increased blood filling 

i of the large thoracic vessels and heart in weightlessness continues, 
this can lead, not only to compensation of the plasma volume, but to 

9 an excess elimination of the fluid part of the blood and to thicken- 
ing of it. The latter actually was found in both Soviet astronauts, 
in the Soyuz 3 - Soyuz 5 flights (Ye. I. Vorob'ev, Yu. G. Nefedov, 
et al., 1969; see Chapter 3 of this book), and in American astronauts, 
after the Gemini 5 and Gemini 7 flights (Berry, 1969), and it was 
particularly distinctly established in dogs, after the 22-day flight 
of Kosmos 110 (V. N. Pravetskiy, et al., 1966). 

The hematocrit of the American astronaut W. Schirra increased 
from 44 to 47% after 9 hours of weightlessness and that of G. Cooper, 
from 43 to 49%, after 34 hou~s of weightlessness. They had a weight 
loss of 2-3.4 kg. On the average, the American astronauts lost 3-8% 
of their weight during flights (White, et al., 1971). Thus, as a 
result of the apparent compensatory decrease in circulating blood 
mass, a significant loss of body fluid takes place. Actually, a 
398-910 ml decrease in blood volume was found in the American 
astronauts flying in Gemini 4, Gemini 5 and Gemini 7 (Berry, Catterson, 
1967). Consequently, a vicious circle car, arise in the disruption 
mechar~isms caused by weightlessness. Disturbances of redistribution 
of the blood lead to a reflex increase in dehydration of the body 
and, in turn, this decreases the amount of circulating blood and 
aggravates the disruption of the hemodynamics still more. With 
elimination of considerable amounts of fluid and the disruption of 
the electrolyte balance connected with it, definite changes in the 
acid-alkali equilibrium of the blood can set in. The latter was 
found in dogs, after the 22-day space flight in Kosmos 110 (I. N. 
Kotov, 1969) . 

Subsequently, a decrease in al2o~jterone production evidently 
can be included in the chain of di~r~ptions generated. In immersion 
tests on dogs, partially simulating weightlessness, it was clearly 
demonstrated that a sharp decrease in excretion of aldosterone with 
the urine takes place in a period of 6 hours: up to one-sixth of 
its control value (Epstein, Saruta, 1971). A similar reduction in 
angiotensin I1 level was found in these same studies. Other authors 
also indicate a reduction in aldcsterone discharge during immersion 
(Behn, Gauer, Kirsch, Eckert, 1959, and others). A decrease in 
renin content in the blood takes place at the same time as that of 
aldosterone and angiotensin 11. Consequently, there is a basis for 
thinking that marked changes in status of hormones controlling water- 
salt metabolism regulation in the body arise in weightlessness. 
In the opinion of Gauer (1972;, with increase in intrathoracic volume 
of blood in weightlessness and in an immersion medium, the follow- 
ing chain of unidirectionai changes ma; develop: sympathetic nervous 



tonus  dec reases  and t h e  c o n t e n t  of noradrena l in  i n  t h e  blood 
decreases ;  t h e  l a t t e r  i n e v i t a b l y  shows up a s  a  r educ t ion  i n  tonus  of/257 
t h e  v e s s e l s ,  and t h i s  can remove t h e  tonus  o f  t h e  p r e c a p i l l a r i e s  and, 
by i n c r e a s i n g  t h b  blood flow i n  t h e  c a p i l l a r i e s ,  i n c r e a s e  f i l t r a t i o n  
of t h e  l i q u i d  p a r t  of  t h e  blood ( i .e. ,  ss though t o  coxnpensate f o r  
t h e  i n c r e a s e  i n  t h e  S t a r l i n g  e f f e c t )  and, u l t i m a t e l y ,  it l e a d s  t o  a 
decrease  i n  plasma volume. A s  a r e s u l t  of  t h e  dec rease  i n  plasma 
volume, t h e  o r t h o s t a t i c  t o l e r a n c e  of t h e  body dec reases ,  because 
t h e  mass of c i r c u l a t i n g  blood decreases .  I n  o t h e r  words, a  v i c i o u s  
c i r c l e ,  jo in ing  t h e  c a r d i o v a s c u l a r  system f u n c t i o n ,  aga in  a r i s e s .  
A prolonged decrease  i n  c i r c u l a t i n g  blood mass a l s o  can cause  
decondi t ioning of t h e  e n t i r e  ca rd iovascu la r  system t o  loads  imposed 
on it upon r e t u r n  t o  e a r t h .  

I t  must be noted  t h a t '  s i n c e  t h e  s e c r e t i o n  of  renin-angiotens in  
I1 and a ldos te rone ,  a s  w e l l  a s  o f  t h e  a n t i d i u r e t i c  hormone, dec reases  
i n  weigt l t lessness  and, consequently,  d i u r e s i s  i r c r e a o e s ,  t h e  d i scharge  
of n o t  only  wa te r ,  b u t  of  sodium, potassium and calcium, i n c r e a s e s .  
Dehydration begins  t o  develop,  b u t ,  w i t h  dehydra t ion ,  r e g u l a t i o n  of  
t h e  blood volume cannot be  accomplished, because of t h e  irre- 1258 
v e r s i b l e  d i scharge  o f  f l u i d  through t h e  kidneys.  I n  t h i s  c a s e ,  
movement of t h e  plasma beg ins  i n t o  t h e  i n t e r s t i t i a l  space ,  and a 
change i n  i n t r a c e l l u l a r  f l u i d  c o n t e n t  cannot  be excluded i n  t h i s  

J 

case .  We r e c a l l  t h a t  t h e r e  i s  a q u i t e  strict  homeostat ic  r a t i o  o f  
water  and s o l i d  subs tance  i n  t h e  body. Water c o n s t i t u t e s  61% of t h e  
body weight ,  36% of it i s  i n  t h e  i n t r a c e l l u l a r  f l u i d ,  20% i n  t h e  b ! i n t e r s t i t i a l  and 5% i n  t h e  plasma. This  s tr ict  r a t i o  can be d i s -  
rupted  i n  we igh t l e s sness ,  b u t  t o  what e x t e n t ,  w e  s t i l l  do no t  know 
p r e c i s e l y .  I t  can be  cons idered  t o  be e s t a b l i s h e d  a t  p r e s e n t  t h a t  a  
r educ t ion  i n  body weight  and a d e f i n i t e  dec rease  i n  plasma volume 
t a k e s  p lace .  D e f i n i t e  t i s s u e  dehydra t ion  a l s o  i s  p o s s i b l e .  

Together wi th  d a t a  on t h e  water  dynamics i n  t h e  body, t h e  d a t a  
of Berry (1971) on &crease  i n  t o t a l  amomt of potassium i n  t h e  
body a f t e r  t h e  space f l i g h t  of Gemini 7 ,  Apollo 13, Apollo 1 4  and 
Apollo 15,  deserves  p a r t i c u l a r  a t t e n t i o n .  The exceedingly impor tant  
ro le  i n  t h e  body (among a nunber of o t h e r  e l e c t r o l y t e s )  of j u s t  t h e  
normal potassium c o n t e n t  must be remembered. I t  has  a  s i g n i f i c a n t  
e f f e c t  on a number of  systems and f u n c t i o n s  i n  t h e  hody. The hypo thes i s  
of change i n  potassium con ten t  i n  t h e  body i n  we igh t l e s sness  has  1259 
been confirmed by a d e t a i l e d  s tudy  of t h e  amount of l a b e l e d  4 0 ~  
i n  t h e  Apollo 13  and Apollo 1 4  crew members. Gamma-spectrometry of 
t h e  e n t i r e  body demonstrated a  s i g n i f i c a n t  r educ t ion  i n  t h e  t o t a l  
potassium c o n t e n t  of t h e  American a s t r o n a u t s  from t h e  p r e f l i g h t  
da ta .  A decrease  i n  t o t a l  potassiun; c o n t e n t  i n  t h e  body was observed 
i n  t h e  A 0110 15 crew members, i n  a  p o s t f l i g h t  e v a l u a t i o n ,  us ing  
l a b e l e d  P2K. A s  a r u l e ,  a  r educ t ion  i n  e x c r e t i o n  uf potassium, 
sodium and c h l o r i d e s  i s  noted a f t e r  a l l  f l i g h t s ,  which i n d i c a t e s  a 
tendency of t h e  body t o  r e t a i n  f l u i d s  and e l e c t r o l y t e s  i r A  t h e  body, 
t o  compensate f o r  t h e  dec rease  i n  iolume of them occur r ing  dur ing  
a ; l i g h t .  S i m i l a r  phenokena of  sodium and c h l o r i n e  r e t e n t i o n  i n  
t h e  blood and, a s  a  consequence of t h i s ,  an i n c r e a s e  i n  osmotic 



concentration of electrolytes has been found in the Soviet astro- 
nauts making the flights in Soyuz 3, Soyuz 4 and Soyuz 5 (Ye. I. 
Vorobgev, Yu. G. Nefedov, et al., 1969; see also sectfan 3 of 
Chapter 3) . 

Were .hese phenomena caused by an increase in diuresis and 
elimination of electrolytes only by the state of weightlessness and 
redistribution of blood in the body, or could they be the result of 
still other elements of the effect of weightlessness? Specially 
conducted sets of experiments simulating weightlessness (long, 
up to 130 days, hypokinesia in rats) clearly demor:strated that 
diuresis increases significantly in hypokinesla 6x4 the elimination 
of sodium, potassium, chlorine, and, especially, cal.?ium from the 
body increases (Ye. A. Kovalenko, V. L. Popkov, et al., 19701. 
Consequently, the phenomena of dehydration of the k9dy and elimina- 
tion of electrolytes have a great sirnulerity, bott' ier weightless 
conditions an? in simulation of it, even on anima'. Apparently, 
still another mexplained internal mechanism of i5 I changes is 
concealed here, which ultimately is due, not onlyt . .:? Henry-Gauer 
reflex, but to the presence of hypokinesia itself, since re- 
distribution of the blood will not take place in animals, primarily 
situated .horizontally. 

As is evident, the c~.cire chain of disruption of the water-salt 
metabolism depends on the initial reflex effects on the cardio- 
vascular system and on a number of other factors. In the fins1 
aralysis, disruptions of the water-salt metabolism, in turn, affects 
the function of the cardiovascular system, reducing the adaptational 
and functional potentials of the body. The latter is demonstrated 
well, after the body again enters terrestrial gravitation. After 
this, as we 53w earlier, the functional capabilities of the body 
decrease sharply. 

Thus, weightlessness can have a very significant effect on the 
water-salt metabolism in the body (Diagram 5 ) .  

Effect of Weightlessness on Muscular 
System 

The effect of weightlessness on the muscle system can show up 
in several areas. First, the tension function of the muscles, en- I 

suring a specific body position in space and ~ounteracting the 
force of gravity, decreases in weightlessness (Fig. 68). 
Second, there always is a muscle force component, directed to over- 
coming the force of terrestrial gravitation in almost all body 
movements on earth; this component will be absent in weightlessness 
and, consequently, the total demand on muscle functions decreases. 
Third, under weightless conditions, a change in afferentation fromL260 - 
the muscles takes place. In turn, all this leads to a general 
reduction in tonus of the body musculature, ensuring both maintenance 
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Diagram 5: Proposed scheme of pathogenesis of disruption of water- 
salt metabolisni in weightlessness 

of the vertical posture and the entire extent of motor activity. 
As Ye. Yuganov, I. I. Kas'yan and B. F. Asyamolov demonstrated in 
1963 (see Chapter 4 of this book), the voltage of the oscj.llations 
decreases sharply in weightlessness and even a picture of "bioelectric 
silence" of the antigravitation musculature is observed. Moreover, 
the decrease in muscle activity may be intensified by the limited 
space in the s~acecraft cabir,. As a result, a definite degree of 
supplementary hypokinesia may also set in. Consequently, the amount 
of muscle contraction and of muscle effort itself, and the tonic 
tension of the muscles may decrease sharply in *a?eightlessness. 

It is well known that the act of movement is composed of a nwnbsr 
of well-coordinated elements. Under weightless conditions, as 
experience demonstrates, a disruption of m.ovement coordination may 
occur. Despite th'e fact that the astronauts bsve a full capability 
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of executing movements and of 
retaining the ability to esti- 
mate the position of their 
bodies or separate parts of 

Counteracts them in space, definite dis- 
ruptions are fo-d. Thus, at 
the start of the flight, G. T. 

center SVavity Beregovoy noted some increase 
in the intervals between the 
intentton to accomplish an 
action and the act of movement 
itself. A. G. Nikolayev and 
V. I. Sevast'yanov, in execut- 
ing movements in weightlessness 
at the start of the flight, 
experienced difficulty in 
estimating the muscle force 

foot necessary to execute the 
A corresponding movement; there- 

fore, movements turned out to 
be disproportionate, but the 
astronauts acquired the necessary bA precision of movement by the 
3rd or 4th day of the flight 
(Ye. I. Vorob'ev, Yu. G. Nefedov, 
et al., 1969; G. I. Vorb'ev, 
A. D. Yegorov, et al., 1970; 
see Chapter 4 of this book). 
In other words, in actual space 

:T; centrx of gravity flights, specific motor dis- 
coordination of varying natures 
can arise. In special studies 

Gluteuf maximu# of voluntary movements during h Poster or proup of parabolic aircraft flights 
thigh muscles (Ye. M. Yuganov, 1968), signif- 

a a v i t  vertical ., icant errors were found in 
def1acr.d .bead 'i y\ determination of the accuracy 
of knee joint of muscle force of 10 to 14 

Same as  a t  e, i~g men, during the period of brief 

) 1; weightlessness. It is still 
not known precisely how all t h ~  

i, - biomechanics of movement change 
in a prolonged stay in a space- 

B craft and in unsupported space, 
when inertial mass remains, 

Fig. 68. Increase in functicns of a the body and surrounding 
number of muscle groups in vertical objects have no weight. Exe- 
body position on earth, in "at ease" cution of even a simple, pre- 
and "attention" postures; displace- cisely controlled movement In 
ment of center of gravity vertical of weightlessness, according to the 
body in these postures, w h respect data of Ye. M. Yuganov (1968), 
to su-pport plane of feet required a long time (0.32-1.32 

sec) for 12 of 20 subjects. 
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In an analysis of human motion, two components are usually 
distinguished: the muscle effort itself, which is a response to 
the action of mechanical forces, primarily t.he force of gravity, 
and the direct locomotor act. Both components change in weightless- 
ness. On earth, a man applies a force in all movements, which is 
adequate to the force of gravity, In weightlessness, this stereo- 
type can become the source of errors. An increase in time of 
execution of motor tasks, an increase in number of errors in move- 
ment, definite difficulties in executing them, especially in the 
first period of weightlessness, have been noted by many investigators 
and the astronauts themselves, as a rule. Moreover, an increase in 
errors in work is observed (0. G. Gazenko, A. A. Gyurdzhian, 1967; 
A. V. Korobkov, T. I. Goryunova, 1971; see Chapter 6 of this book). 
Much data indicate the correctness of the disruption me~k~anisrns 
mentioned. 

As the experience of longer flights demonstrates, man gradu- /261 
ally becor.es accustomed to matching the necessary muscle forces to 
the new relationships of reduced gravity (PC. M. Yuganov, P. K, 
Isakov, et al., 1962; Yu. A. Gagarin, 1969). During the flight of 
Soyuz 9, A. G. Nikolayev and V. I. Sevast'yanov learned again to 
move around the spacecraft cabin, after a 3- 4-day stay in weight- 
lessness. By pushing away with the legs, they could easily control 
the body position and move in the required direction, practically 
without controlling their actions. Television observations also 
confirm that no serious disorders were noted in the motor sphere or 
in disruption of movement coordination. Motor acts were not limited L 

in extent or rate, i-e., definite adaptation set in (Ye. I. Vorob'ev, 9 
f 

A. D. Yegorov, L. I..Kakurin, Yu. G. Nefedov, 1970). However, it must 
be considered that there also is fine coordination in movements, 
dependent on precise information from the tactile, visual, vestibular 
an6 motor analyzers. The systematic interaction between these 
analyzers, as well as the constant feedback of the proprioceptive 
inforniation in movements in weightlessness can, nevertheless, be 
disrupted. During free movement in weightlessness, the absence of 
the accustorried tactile sensations and the change in proprioceptive 
signals comincj from the skeletal muscular or motor-support apparatus, 
and the presence of inertial momenbin abrupt movements lead to 
discooxiiiilation of movement, especially during the first periods of 
weightlessness. Sweeping motions, disruption of precise reproduction 
of given muscle forces and disruption of movement coordiilation are 
observed. The establishment of new coordination relationships, 
active correction of efforts during purposeful activity and the 
necessity for maintaining the required body position with respect 
to the surrounding objects and instrumentc, can cause a feeling of 
fatigue, which actually was observed in, say, A. G. Nikolayev and 
V. I. Sevast'yanov, after 10-12 days of flight. The disruption of 
the functional system of the analyzers during movement can lead, not 
only to disruption of performance ability, but to development of 
the so-called space form of motionsickness, right up to nausea, with 
corresponding symptoms in the cardiovascular system. 



It is understandable that, under these conditions, not only can 
a sharp disturbance of the muscular apparatus function set in, but 
a significant reduction in the performance level (N. S. Molchanov, 
et al., 1970; Derry, 1971, and others). According to the dcita of 
Berry, the performance capacity of 48 astronauts decreased to 73% of 
the initial value after a flight, on the average. Under weightless 
conditions, as in simulation of it by prolonged hypokinesia, not 
only can movement coordination be disrupted, but more profound changes 

1 in the very structure and function of muscle tissue. We have made 
1 an attextipt to indicate some links in pathogenesis of disruption of 
C the muscle system (Diagram 6). It is important to emphasize only 
B selected, most important events in this process. 

Weightlessness m 
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Diagram 6: Proposed scheme of pathogenesis of disruption of function 
of muscle system and ccordination of movement in weightlessness 

In prolonged hypokineaia, considerable muscle atrophy can 
develop. Deitrick and colleagues (1948) noted an increzse in elimina- 
tion of nitrogen with the urine and muscle atrophy of the hands and 
legs of 2-12%, in subjects in a bed rest test. In hypokinesia, as 
in weightlessness, the transverse dimension of the heart can de- 
Srease(1. G. Krasnykh, 1969). In simulation of weightlessness by 



a long (100-130 days) stay in hypokinesia, in t l e  tests of Ye. A. 
Kovalenko and colleagues (1970, 1971) on rats, J pronounced /26 - 2 
decrease in both heart mass and in the entire muacle mass of the 
body was clearly demonstrated, with a sharp reduction in capatilitv 
of performing dynamic and static work. In a test carried out b: 
Lynch and Jensen and colleagues (1967), on 44 subjects, it was 
determined that, in a 28-day hypodynamia, in addition to a iecrease 
in the muscles, a loss of nitrogen, phosphorus and a nwnber of 
electrolytes (sodium, chlorides, calcium, etc.) takes place. 111 ail 
these cases, definite atrophy of the muscle apparatus sets in, the 
so-called disuse atrophy. With sharp restriction of muscle activity 
for a period of even 2-6 weeks, part of the muscle tissue is Lost. 
A sharp restriction on muscle activity (hypokinesia), in itself, 
causes an extensive complex of polymorphic disorders, leading to a 
sharp reduction in resistance of the body to a number of unfav~iable 
factors. 

A copbination of partial hypokinesia, because of the decrease 
in movement in the comparatively limited space of the spacecraft 
cabin, and the effect of weightlessness itself can be noted in weight- 
lessness. A definite muscle atrophy (especially in the lower limbs) 
after a stay in weightlessness is expressed by a reduction in circum- 
ference and -7olume of the thighs and calves, as well as in a clearly 
recorded reductior. in weight of almost all astronauts. In particular, 
Berry (1971, 1972) presents data on the weight reduction of a 
Elercury, Gemini and Apollo crew nembers. It varied from 1.3 to 4.7 
kg, on the average. This weight reduction takes place, not only 
because of dehydration of the body, passing quickly after the flight, 
but, in all likelihood, because of the decrease in muscle mass, 
which, as is c:Lear from measurements of the circumference and volume 
of the limbs, decreases (see Chapter 7 of this book). 

It must be noted that elimination of not only nitrogen, but of 
such an important element as potassium, i~ which the muscle cells 
and, especially, the heart are rich, can take place in muscle atrophy. 
With the catabolic processes predominant in the body, potassium 
leaves the muscle cells and enters the interstitial space and further, 
it can be intensely eliminated with the urine. In this case, the 
plasticity of the muscle functinn can also be disrupted, as a 
consequence of reduction in stimuli, causing intensive anabolism. 
A special study of this problem, in a complex c~xperiment on a large 
nurrber of aninals (rats), under conditions simulating weightlessness 
by190-130-day hypokinesia (which is about one-sixth of the lifetime 
of a rat), demonstrated a shaip disruption of many aspects of plastic 
and energy metabolism and an overall one-third reductinn in weight of 
the animals, compared with the controls (Ye. A. Kovalenko, V. L. 
POP~OV, et al., 1970a, 1971a); an increase in elimination of nitrogen, 
sodium, potassium and chlorides with the urine was noted, in this 
case. 



In this respect, we must dwell briefly on the important general 
biological phenomenon of change in the processes of structural 
exchange in the body, since this phenomenon, as is evident, can 
occur in weightlessness or in simulation of it under grow43 conditions 
by prolonged hypokinesio. As is well known, destruction of Si3- 
logical structures continually occurs in many living organisms, and 
constant renewal of them proceeds, by means of synthesis of molecules, 
organelles, cells and tissues. This phenomenon, one of the most 
basic processes of all living systems, is as though in a continup1 
dynamic equilibrium. The more intensive the functioning of a given 
organ or part of it, the more intensive the renewal and new construc- 
tion of the struct~lre, With increase in physiological funciio., - of 
the cells, activation of t F t  genetic apparatus of the cells /263 
increases and, in these cases, a function can, as it were, "dem- 
the proper plasticity for itself (F. Z. kysrson, 19673. Nith the 
&crease in functional loads in weightlessness, in particular, the 
load on the functioning of the muscle system, regulation of the 
structural exchange and plasticity of the function can lead to 
atrophic changes in the skeletal muscles, as well as in the heart. 
Usually, normal functioning of a muscle fiber is determined by the 
ATP, the energy reserve ~f the current moment, existing in the muscle, 
and the bulk of the muscle mass, which can provide the muscle func- 
tion through finished myofibril proteins resent, is, as it were, 
a plastic reserve of a given performance Pevel. A stimulus for 
building a new structure is an increase in rate of functioning of 
a given structure, a greater expenditure of energy and a greater 
breakdown of proteins in the muscle cello while working. 

An increase or decrease in rate of functioning of a structure 
stimulates or suppresses the genetic apparatus of the cells and, in 
accordance with modern concepts of molecular biology, regulation of 
the function of the DNA-RNA-protein synthetic apparatus takes place 
(Jacob, Monod, 1962). When the load of the muscles is decreased, 
their function, energy consumpti.on and the stimulation of the genetic 
apparatus (translat.ion, transcription and replication) connected 
with them decrease. All this leads to a decrease in construction of 
protein molecules in the muscles. A significant decrease in 
incorporation of labeled amino acids in muscle tissue has been 
demonstrated in pzolonged hypokinesia of animals (I. V. Fedorov et '- 
al., 1968). In our studies with prolonged hypokinesia, simulating 
weightlessness on animals, it has been determined that, together 
with the general significant decrease in weight of the rats, a 
primary decrease in just the muscle tissue takes place (Ye. A. 
Kovalenko, V. L. Popkov, et al., 1970). A reduction in synthesis of 
mitochondria is possible. 

Still another circumstance is important. In the classical 
works of V. A. Engelhardt and M. N. Lyubimova (1939), it was 
demonstrated that the contractile substrate of the muscle, myosin,/264 
acts as an enzyme. It splits off a phosphate group from adens- 
sinetriphosphate (ATP) as a result of which, the energy necessary 



for contraction is liberated. The absence of constant exercising 
of this biochemical process or a definite insufficiency of it, in 
prolonged weightlessness or prolonged hypodynami.a, can lead to 
serious disruptions of one of the central energy channels for 
obtaining energy in the body. In these cases, adenosinediphosphate 
(ADP), which increases respiration of the mitochondria and 
accelerates the new ATP synthesis process, will not form again 
continually, to a sufficient extent and as efficiently. The 
presence of unused ATP and the absence of a constant and sufficient 
amount of its decay product, ADP, even if partially and for a long 
time, inhibits passage of electrons along the chain of respiratory 
carriers, and, consequently, inhibits the rate of consumption of 
oxygen in the mitochondria. Moreover, here, as in hypokinesia, a 
definite interruption of the respiratory chain and the chain of syn- 
thesis of energy in the form of ATP cannot be excluded, which has 
been demonstrated in hypokinesia (Ye. A. Kovalenko, et al., 1970, 
1971). The number of mitochondria may decrease here. 

These may be some deep-seated mechanisms of disturbances of the 
basic types of biological oxidation in the muscle system which are 
possible in weightlessness. It must also be considered that the 
contractile and ATP-ase activity of the myofibrils is regulated by 
the free ca2+ concentration in the sarcoplasma. Each myof ibril 
fiber is coated with an electrically polarized membrane. Contraction 
is induced by a pulse, moving along the nerve to the end plate, which I$ ' 

is in contact with the fibers. During passage of the impulse, 
depolarization of the membrane occurs, and an activating substance, 
calcium ions, is released over the entire fiber. After disappearance 
of the pulse or fatigue of the muscle, the activating substance, in 
the form of a calcium salt, is bound to the sarcoplasmic reticulum 
i.e., by interweaving of fine tubules inside the muscle fiber 
(A. V. Hill, 1972; W. Hasselbac, H. Weber, 1964). Thus, muscular 
contractions have a direct and extremely close connection with normal 
calcim metabolism, which, as is well known and as will be demonstrated 
subsequently, can be disrupted significantly in hyp0dynamj.a (A. A. 
Prokhonchukov, Ye. A. Kovalenko, et al., 1970; A. A. Prokhonchukov, 
et al., 1970) and in weightlessness (Ye. N. Biryukov, et al., 1970). 
All these facts show how closely individual links in pabhogenesis 
of the development of disruptions caused by weightlessness or by 
simulation of it can be connected. Despite the considerations 
expressed here, it must be kept in mind that, in weightlessness 
itself, after even partial adaptation to it sets in, it becomes 
possible to accomplish nearly all operations. More than that, the 
astronauts note even a certain ease and capability of freely 
accomplishing various movements, right up to acrobatics. As 
experience demonstrates, with a sufficiently good selection of 
candidates for astronaut and, chiefly, with comprehensive training 
under weightless conditions, a man can quite successfully overcome 
specific obstacles in weightlessness and perform purposeful move- 
ments and work. Thus, A. A. Leonov did not experience disruptions 
in spatial orientation in weightlessness, even in unsupported 



space,  and h i s  movements were adequate ly  coordinate<.  During a 
st i l l  longer  s t a y  i n  space  ( f o r  a pe r iod  of 18  days ) ,  t h i s  was 
observed w i t h  f.. G. Nikolayev and V. I. Sevast 'yanov (Ye. I. 1 2 6 5  
Vorob'ev, e t  a l . ,  1971; see Chapter  4 of  t h i s  book). The same t h i n g  
was noted w i t h  American a s t r o n a u t  E. White. H e  a c t i v e l y  moved i n  
open space and d i d  n o t  d e t e c t  a p p r e c i a b l e  d i s r u p t i o n s  i n  o r i e n t a -  
t i o n  and coord ina t ion  of movement. True, i n  t h e s e  cases ,  c o n t r o l  
remained, by mezns of  v i s i o n  and o r i e n t a t i o n  r e l a t i v e  t o  t h e  h u l l  
of t h e  c r a f t .  Ltbaning a g a i n s t  t h e  h u l l  and a l s o  us ing  t h e  t e t h e r ,  
t h e  a s t r o n a u t s  could  coord ina te  t h e i r  movements. 

A s  i s  c l e a r  from every th ing  s t a t e d ,  muscular d i s t u r b a n c e s  and 
d i scoord ina t ion  of movement i n  we igh t l e s sness  can be overcome, t o  a  
d e f i n i t e  e x t e c t ,  w i th  a p p r o p r i a t e  t r a i n i n g .  However, what changes 
w i l l  t a k e  p l a c e  i n  t h e  muscle system dur ing  a longer  s t a y  i n  
we igh t l e s sness  and, mainly, how t h i s  w i l l  show up i n  t h e  c o n d i t i o n  
of a  man a f t e r  descen t  t o  e a r t h ,  s t i l l  is obscure. 

I n  tests on dogs a f t e r  t h e  f l i g h t  of  Kosmos 110, i .e., w i t h  an  
adequate d u r a t i o n  ( 2 2  days)  o f  s t a y  of  t h e  animals  i n  we igh t l e s sness ,  
a  s i g n i f i c a n t  loss (up t o  30%) o f  muscle mass was e s t a b l i s h e d  
(V. N. P rave t sk iy ,  N. N. Gurovskiy, e t  a l . ,  1966; N. N.  Gurovskiy, 
e t  a l . ,  1968).  A cons ide rab le  r educ t ion  i n  performance a b i l i t y  was 
noted i n  t h e  crew members of  Soyuz 9 ,  a f t e r  t h e  18-day f l i g h t ,  a s  
w e l l  a s  a f t e r  t h e  14-day f l i g h t  of t h e  American a s t r o n a u t s  i n  
Gemini 7 (Berry,  1966, 1967) and a f t e r  t h e  Apollo f l i g h t s  (Berry,  
1969, 1970, 1971).  

A f t e r  t h e  f l i g h t s  o f  t h e  Soyuz series s p a c e c r a f t ,  a  d i s t i n c t  
d e t e r i o r a t i o n  i n  r e g u l a t i o n  o f  t h e  v e r t i c a l  pos tu re ,  a  r educ t ion  i n  
tonus  and s t r e n g t h  of t h e  a n t i g r a v i t y  muscles,  p rogress ing  w i t h  
i n c r e a s e  i n  f l i g h t  d u r a t i o n  (see Chapter 3 of t h i s  book),  w a s  observed 
i n  t h e  a s t r o n a u t s .  Upon l eav ing  t h e  s p a c e c r a f t  cab in ,  f i v e  a s t r o -  
n a u t s  o f  t h e  t e n  crew ~ e r n b e r s  of  Soyuz 6 ,  Soyuz 7 and Soyuz 8 ,  a f t e r  
a 5-day s t a y  i n  we ign t l e s sness ,  f e l t  " o s c i l l a t i o n  of  t h e  e a r t h  
beneath t h e  f e e t " ;  uns tead iness  and u n c e r t a i n t y  i n  walking was noted 
i n  them. On t h e  day a f t e r  t h e  5-day f l i g h t ,  a  s i g n i f i c a n t  i n c r e a s e  
i n  ampli tude o f  o s c i l l a t i o n  of  t h e  common c e n t e r  o f  g r a v i t y  of  t h e  
body could  be c l e a r l y  recorded on t h e  s t a b i l i t y  p la t form.  Disrupt ion  
o f  coord ina t ion  of  f i n e  movements remained i n  t h e  f i r s t  3-4 days a f t e r  
t h e  f l i g h t ,  i n  performing accustomed movenents, as w e l l  a s  dur ing  
t e n n i s  and b i l l i a r d  games (Yu. N. Purakhin, V. S. Georgiyevskiy, 
V. M. Mikhaylov, 1972).  

A prolonged decrease  i n  muscle func t ion  of t h e  body i n  weight- 
l e s s n e s s  l e a d s  t o  s t i l l  another  d i s r u p t i o n .  With 3 sharp  reduc t ion  
i n  muscle c o n t r a c t i o n s ,  a  sha rp  dec rease  i n  a d r e n a l i n ,  e s p e c i a l l y  
noradrena l in  product ion  is p o s s i b l e .  

I t  i s  known t h a t  t h e  p r e s s o r  a c t i v i t y  o f  catecholamines s u f f e r s  
i n  an unbalanced e l e c t r o l y t e  r a t i o .  The l a t t e r ,  a s  w e  saw above, 
can occur i n  d i s t u r b a n c e  of t h e  e l e c t r o l y t e  metabolism i n  weight- 



l e s s n e s s .  Condit ions a r e  c r e a t e d ,  when, wi thout  any decrease  i n  
a d r e n a l i n  o r  noradrena l in  product ion ,  i n  a long,  monotonous f l i g h t ,  
a  dec rease  i n  t h e i r  production is aggravated  by hypodynamia and 
weight lessness .  A l l  t h i s  w i l l  l e a d  t o  a  dec rease  i n  t h e  p r e s s o r  
a c t i v i t y  o f  t h e  b a s i c  r e g u l a t o r  o f  v a s c u l a r  tonus.  A s  a  r e s u l t ,  
a s h a r p  reduc t ion  i n  muscle f u n c t i o n  can c r e a t e  stiX ano ther  
v i c i o u s  circle, caus ing a prolonged l o s s  of v a s c u l a r  tonus  and 
d i s t u r b a n c e  o f  t h e  hemodynamics. Thus, t h e r c  is ano the r  connect ion 
h e r e  w i t h  o t h e r  l i n k s  i n  pa thogenes is .  

E f f e c t  of Weightlessness on Bones and 
Calcium Metabolism 

A s  h a s  a l r eady  been s t a t e d ,  onc o f  t h e  main pa thogene t i c  /266 
l i n k s  i n  t h e  e f f e c t  o f  we igh t l e s sness  on t h e  body i s  removal of t h e  
f u n c t i o n a l  load  on a number of  systems and a dec rease  i n  macro- and 
microdeformations i n  d i f f e r e n t  p a r t s  o f  t h e  body. T h i s  apparen t ly  
concerns,  t o  t h e  g r e a t e s t  e x t e n t ,  t h e  system which f u l f i l l s  t h e  
main suppor t  and maintenance f u n c t i o n  o f  t h e  body, i.e., t h e  e n t i r e  
s k e l e t o n  and va r ious  s t r u c t u r e s  connected wi th  it, such a s  t h e  
c a r t i l a g e  and l igaments ,  s k e l e t a l  e lements  o f  t h e  organs ,  e t c .  

I n  1638, G a l i l e o  f i r s t  of a l l  d i r e c t e d  a t t e n t i o n  t o  t h e  r e l a t i o n  
between t h e  mass bf t h e  bones and s o f t  t i s s u e s  i n  t h e  body and t h e  1 f' 

e f f e c t  of g r a v i t y  on it. I n  1892, Wolf demonstrated t h e  dependence I 

of  bone s t r u c t u r e ,  o r i e n t a t i o n  of  i ts  s t r u c t u r a l  elements  and t h e  
masses o f  i t s  component subs tances  on t h e  s t r e n g t h  and d i r e c t i o n  of  
the mecl~anica l  load.  It  tu rned  o u t  t h a t  t h e  deforming f o r c e  causes  
a change i n  t h e  bone s t r u c t u r e ,  which i s  necessary  t o  m c s t  adequate ly  
resist t h i s  fo rce .  A l e g i t i m a t e  q u e s t i o n  a r i s e s :  What can s e r v e  a s  
a  s i g n a l ,  caus ing one change o r  a n o t h e r  i n  t h e  bone? It is  n a t u r a l  
t h a t  t h e  f i r s t  s i g n a l ,  a s  i n  any o t h e r  a c t i o n  i n  t h e  body, may be 
impulses from t h e  nerve  endings l o c a t e d  i n  t h e  periosteum o r  i n  t h e  
reg ion  of  t h e  v e s s e l s ,  o r  i n  elements  o f  t h e  bone i tself .  These 
impulses,  of  course ,  inc lude  t h e  a p p r o p r i a t e  t r o p h i c  e f f e c t s  and 
t h e  e n t i r e  set of f i n e  r e g u l a t i o n  of  t h e  bone s t r u c t u r e ,  t h e  p r o t e i n  
and, e s p e c i a l l y ,  t h e  calcium metabolism, i n  p a r t i c u l a r ,  through t h e  
hormone a c t i v i t y  of t h e  pa ra thyro id  gland (pa ra thyro id  hormone), a s  
w e l l  a s  through t h e  func t ion  of  t h e  t h y r o i d  g land i t s e l f ,  a s  a 
r e s u l t  of changes i n  product ion  of  t h y r o c a l c i t o n i n .  T h i s  hormone is 
of  p a r t i c u l a r  importance i n  r e g u l a t i o n  of calcium metabolism. A s  a  
r e s u l t ,  a  change can  set i n ,  f i r s t  and foremost ,  i n  t h e  p r o t e i n ,  
phosphorus, magnesium and, then ,  t h e  calcium metabolism. P a r t i c u l a r  
a t t e n t i o n  should be g iven,  i n  t h i s  chain  o f  d i s r v p t i o n s ,  t o  s y n t h e s i s  
of  such important  amino a c i d s  a s  g l y c i n e  and oxyprol ine ,  which 
a c t i v e l y  p a r t i c i p a t e  i n  formation o f  t h e  bone matr ix ,  i . e . ,  i t s  
p r o t e i n  base .  Based on contempary concept ions  o f  t h e  f u n c t i o n  o f  
t h e  bone, some a u t h o r s  express  t h e  opinion t h a t  t h e  cause  of change 
i n  bone s t r u c t u r e  may c o n s i s t ,  n o t  only  o f  nerve e f f e c t s  ( t h e y  can 
be  completely preserved,  b u t  bone metabolism is  d i s r u p t e d )  and n o t  
even i n  changes i n  t h e  vaecu la r  system ( i n c r e a s e  o r  l e s s e n i n g  o f  t h e  
blood f l o w ) ,  i u t ,  apparen t ly ,  mainly change i n  t h e  mechanical stress 
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and compression of the bones, which always occurs under gravitation 
(Abramson, Delagi, 1961; Forst, 1964). 

In this area, the fundamental discoveries made by Yasuda (1953) 
and, then, Bassett (1965) deserve much attention. It was found that 
the bone acquires an electrical charge under a mechanical load or 
in bending and that the bone structure can act as a piezoelectric 
transformer of mechanical stress into 2lectricity. The latter is 
well corroborated by the presence of two closely connected crystal 
systems in the bone -- crystals of hydraxyapatite and crystals of 
collagen constituting the basic substance of bone, its matrix. Since 
collagen crystals have more electrons than hydroxyapatite crystals, 
in loading and bending, the surfaces of these crystals form a 
specific potential difference, with the I:allrce of this electricity 
able to form immediately at the many contact points of the /267 
tremendous number of hydroxyapatite and collagen crystals. The 
original research of Bassett demonstrated that the primary signal 
regulating bone structure is a mechanical deforming force. This 
signal generates a piezoelectric effect, i.e:, an electrical 
potential is generated in the bone, the magnitude of which is pro- 
portional to the deformation force applied. Is-, this can be 
the origin of electrical reactions, generated on the bone surface and 
stimulating or suppressing the functions of the osteoclasba~d osteo- 
blasts. The sections of bone undergoing the greatest deforrnatidn 
acquire a strict polarity. It is interesting that bone growth is I 
increased precisely where negative charges, leading to accumulation 
of osteoblasts predominate. On the other hand, osteoclasts leading 
to partial resorption of bone tissuet,predominate where positive 
charges accumulate. If a compressing force acts, directed along the 
axis of the bone structure and causing a definite deformation, the 
change may consist only of an increase in density and thickness of 
the bone mass, but if the force acting on the bone is directed at an 
angle to the longitudinal axis by muscle forces or loads perpendicular 
to it, a shift in the bone and regrouping of the elementary particles 
of the bone structure are generated, i.e., approximately the 
phenomenon, which was also described by Wolf (1892). 

The fact that movement of tiss:ie fluitkand the oxygen dissolved 
in them in bone tissue is very difficult is very important. The 
majority of osteocytes in bone are located quite far from the blood 
vessels. Narrow channels, along which the tissue fluid and blood 
can move in the bone, are not over 2.5-3% of the entire surface of 
the bone cross section. In other words, the entire system of 
supplying the bone cells with nutrient substai~ces and oxygen has 
very limited capabilitie~, and the osteocytes in the bone are on a 
minimum supply schedule. The systematically changing direction of 
electrical impulses and polarity in the bone, ziising under these 
conditions, is a unique "electrical pump," ensuring an inflow of 
charged molecules, mineral ions and chemichl radicals. Such a supply 
itiechanism can be provided hv joints between the hydroxyapatite and 
collagen crystals, which possibly are multimillions of tiny potential 



generators in bones. Consequently, the supply of bone tissue and 
removal of metabolism products is improved. 

In weightlessness, with a sharp decrease in the effect of 
deforming forces on the bone and the limited muscle activity in the 
comparatively limited space of the spacecraft cabin, as a result of 
considerable decrease in electrical activity of the bone tissues, 
death of part of the osteocytes can occur, as a consequence of 
inadequate provision. More than that, accumulation of osteoclasts, 
destroying the bone tissue at precisely those places, where a 
decrease or complete disappearance of electrical signals occurs, is 
possible. Bassett (1967) considers it to be almost completely 
proven that the electrical potential generated in the bone under 
mechanical loads regulatesthe change in orientation of bone elements 
and the mass of bone tissue. Removal of the deformation of the bone 
in weightlessness can apparently produce a sharp reduction in 
electrical potential in the bones, a reduction in nourishment and 
oxygenation of the bone, and predominance of the function of the 
osteoclasts over that of the osteoblasts. All this can cause a 
change in the bone structure and leaching out of the calcium /268 
already in the bones. 

The logic of our analysis shows that the subsequent pathogtcetic 
links in the process must be an increase in calcium content of blood, 
a decrease in density of the bone tissue and an increase in elimina- T 

tion of calcium from the body, i.e., distinct signs of disruption of 
the calcium metabolism (Diagram 7). In fact, these phenomena are 
observed, to one degree or anather,both after space flightsand after 
partial simuiation of them by prolonged bed rest, stays in immersion 
mesic or prolonged hypokinesia. Berry and colleagues (1967) note 
that the calcium and oxyprcline content of the blood of the astronauts 
increases noticeably after a 14-day flight. Oxyproline is irre- 
placeable for synthesis of collagen from amino acids; therefore, it 
is considered that an increase in elimination of it must be accom- 
panied by increased demineralization and can lead to disruption of 
the bone structure. Similar data were observed in the dogs Veterok 
and Ugolek, after the 22-day flight in Kosmos 110. Their blood 
calcium content increased to 14.8-15.6 mg % (Ye. N. Biryukova, et 
al., 1967). 

It has bet. demonstrated further by many investigators that the 
bone density decreases after space flights.(by 10-20% from the 
initial \.slue in individual bones) (Hattner, McMillan, 1968; Berry, 
1970, 1971, and others). 

Finally, and this was dernozstrated especially convincingly in 
the interesting work of Brodzinski and colleagues (1971), in a 
study of the results of elimination of the A~ollo 7 - Apollo 11 crews. 
xt was found that the daily calcium loss of a man amounted to 635 mg 
on the average, potassium, 269 mg and iron, 6.4 mg. These 
investigators draw attention to the situation that calcium amounts 
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Diagram 3: Proposed scheme of  pa thogenes is  of  chang7 i n  bone system. 

t o  up t o  20% of  t h e  weight  of t h e  s k e l e t o n  and aboatl.5% o f  t h e  
weight of t h e  e n t i r e  body. A l o s s  o f  635 mg p e r  day of calcium by 
an a s t r o n a u t  weighing 70 kg means l o s s  of 0.0605% of  t h e  e n t i r e  
calci-am of t h e  body, which amounts t o  about  1% i n  a 16-day f l i g h t .  
With a calcium l o s s  r a t e  of  220 mg per  day, t h e  t o t a l  calcium l o s s  
by t h e  body is  0.021% per  day, i .e., 1% i n  a 48-day f l i g h t .  Higher 
r a t e s  of e l i m i n a t i o n  o f  calcium from t h e  body were found by I.  S. 
Balakhovskiy and co l l eagues  (1969).  Accoxding t o  t h e i r  c a l c u l a t i o n s ,  
up t o  10% o f  a l l  t h e  calcium i n  t h e  bones can be washed o u t  o f  the 
body i n  a 100-day f l i g h t .  X t  i s  unders tandable  t h a t  a l l  t h i s  
reasoning can be t r u e ,  only  i n  t h e  even t  t h e  rate o f  l each ing  o u t  
of t h e  calcium is  cons tan t .  However, no one has  succeeded i n  
proving up t o  t h e  p r e s e n t  t i m e  t h a t  t h e  cafciwn l each ing  p rocess  
depends on f l i g h t  dura t ion .  True, i n  a rimer of cases, measures 
are taken  t o  prevent  calcium l o s s ;  t h e r e f o r e ,  t h e  calcium o u t p u t  
r e s u l t s  may b e  somewhat hazy (Berry, 1971).  . 

Thus, a f t e r  a s t a y  i n  weight leasness ,  t h r e e  s e q u e n t i a l l y  
occur r ing  phenomena can be observed: An i n c r e a s e  i n  calcium c o n t e n t  
i n  t h e  blood, a dec rease  i n  bone t i s s u e  d e n s i t y  and an  inc reased  



elimination of calcium from the body with the urine end excrement. 
To vhat zonsequences can these phenamena lead? 

The blood calcium content is a very important indicator; blood 
coagulability can depend on it and, consequently, a predisposition 
to hemorrhage or, on the other hand, to thrombus formation, With 
a prolonged condition of increased calcium level in the blood, 
increased calcification of the vessels car. be observed. The 
calcium ion dynamics can affect the nature of muscle fiber contract-ion. 

To what can a decrease in density and, consequently, of / 2 6 9  
strength of bone tissue lead, after a long stay in weightlessness? 
During comparatively brief flights such calclum loeses (not ovez 10% 
of the total content) can be tolerated, on condition that this loss 
is distributed uniformly over the entire skeleton. But the danger 
may be that, in some critical sections of the bkeleton, the exchange 
takes place more intensively and the greatest mechanical load is 
created precisely here, and the mechanical load can increase sharply 
upcn return from a space flight to earth. Among these sections are 
trabecular bone, with its extensive surface per unit welght, the 
long bones of the legs, especially the bodies of the vertebrae, as 
well as the calcaneus. Consequently, after prolonged weightlessness 
and entry into the descent g-forces, as well as during the subsequent 
stay on earth, the prerequisite may appear for bone fractures and ,- 
trauma. This is an important situation, and, although there still are 
no clear data on this, the strength char~cteristic of hone should 
be investigated, in experiments on animals in simulated weiqhtless- 8 
ness. f 

An increase in calcium content in the urine also deserves -- /270 
serious attention. It is known that, with an increased calcium 
content in the blood artd tissues, as well as with disrupkion cf the 
calcium metabolism, kidcsy-stone disease can arise (0. L. Tiktinskiy, 
1972). This cannot be ignored in long space flights. Still another 
series of questions arises in a detailed study of this probl-em. 
Are the changes in calcium metabolism in weightlessness a regional 
process, involving only those parts of the skeleton in which the 
load is decreased in weightlessness, or is this a systemic process, 
concerning all or the majority of calcified tissues in the body? 
A partial answer tc this question was obtained by simulation of 
weightlessness with hypokinesia, created in rats for a period of 
100-133 days. A reduction in in(--r~oration of labeled calcium 
(45~a) was established in the t e e ~ h  of the animals (by 15.6%!, the 
lower mandib le (by :,3.4P) an6 in the thigh bones (by 21%) . (A. A. 
Prokhonchukov, Ye. A. Kovalenko, c j t  al., 1970; Ye. A. Kovalenk, 
A. A. Prokhonchukov, et al., 1970). In addition, the presence of 
distinct and earlier changes in phosphorus and glycine metabolism 
were found in these tests: by the 1OOt.h day of hypokinesia, 
incorporation of 3 2 ~  in the teeth and thigh bcnes decreased by 
13.8-33.51, and, of [214~] glycine, by 5.9-35.5%. Thus, a systemic 
change in calcium metabolism and a di~ruption of the phosphorue and 
protein metabolism closely connected with it are observed in 
prolonged hypokinesia. Of course, study of the thyrocalcitonin 
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and parathyroid hormone in the blood, as the leading regulators 
of calcium metabolism, deserves special attention in all these 
atudies. As we see, a close connection may exist between the change 
in calcium metabolism and other links in the pathogenesis of the 
effect of weightlessness on the body. 

Effect of Weightlessness on Respiratory axid 
Energy Meta'.3lism 

One of the main physical characteristics of life is the 
constant thermodynamic equilibrium wi,th the surroundings. To maintain 
it, even in a state of complete rest, requires a continuous inflow e 

of energy. In performing physical xork, as is well known, the 
consumption of additional energy always is necessary. One of the 
central questions in the problem of the effect of weightlessness on 
the body arises in this connection: What is the fraction of the 
energy consumption of the body for constantly overcoming the force 
of gravitation of the earth? There still is no precise answer to 
this question. Moreover, it is evident that nearly all types of 
energy consumption of man at rest and during activity includes 
consumption of energy to overcome the gravitatioq of the earth. 
What takes place under weightlessness conditions, when this con- 
sunptiorr and all systems, providing for its adequacy, i.e., 
mainly the cardiovascular and respiratory, as well as systems pro- 
viding ATP synthesis, do not receive the appropriate and ccnstant 9 .  

stimuli of activity requiring energy consumption and, consequently, 
the processes of the biologicel oxidation? This is one of the 
major questions of the entire problem. As an illustration, we attempt 
to make.an approximate calculation of the simplest energy consumption 
for the most elementary type of muscle activity in weightlessness. 
Under earth conditions, energy consumption in performing work in 
raising some body, i.e., work directed toward overcoming the force 
of gravity and inertia, can be expressed by the following equations: 

whei-e A, is thv energy consumption on ea~th, m is the mass of a given 
body, h is the distance to which the body is raised above the earth, 
and v is the speed, at which this body is lifted. 

Undez weightless conditions, the energy consumption nay be 
expressed by the equation: 

Multiplication by 2 is carried out, because a movement impulse 
must be given at the start of lifting, and it must he extin~uished 
at the end. 



The difference in energy consumption on earth and in weightliss- 
ness (Ae -&) will be mgh. We now esteblist the ratio of energy 
consumption in weightlessness and energy co?sun~ption on earth: 

A, mc+: r?!i@> &I::  1 
A ---. -- . -  _- 
A, rngh -met: mlgh - r:) 1 :  ( 3 )  

On the basis of the the derivation of formula ( 3 j ,  we examine the 
following extreme cases: 

1. In moving a body an infinitsly long distance (h = - 1 ,  the 
energy co~sumption ratj.0 would become: 

2. In moving with an infinitely great velocity (V + m) 

i.e., the energy consumption ratic would be the same as on earth. 

Based on this, we examine a specific problem: 
h = 1 m, v = 1 m/sec, m I 1 kg and, rounded off, we take g equal to 
10. Then, 

1 I A, , --- -- 
1 I I 

0,09 
l o . - - -  1 

1 

under weightless condit.ions, with a one-kilogram weight, and a 
rate of movenent 0,: 1 ni/sec, the energy co~sv::.+:+, n in the task 
would be one-eleventh that on earth, or 9% oi rr:at on earth, but if 
we gave a speed 10 tirces greater, 

i.e., the energy consumption would be 90% of that under grounc 
! conditions. 

Consequently, under weightless conditions, slower and smoother 
movemei.ts while working produces a very large pfofit in energy 
consumption. 

It is clear from this example that all types of enerc; con- 
sumption, directed toward overcoming weight, in the form of support- 
ing the body, movements of the a m s  and legs, the work of the /= 

i heart, movements of the thoracic cage and diaphragm and, especially, 
all types of muscular work of man, including the component over- 

i col..ing terrestrial gravity, a completely different, significantly 
lower value is obtained in weightlessness. The productj.m of energy ! in the body and systems providing for ATP synthesis is designed 
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for another, higher level. (Here, we do not examine the question of 
the additional energy consumption, necessary at first in working out 
the new coordination of movement.) The necessity arises from this 
of precisely defining the energy consumption in weigk~tlessness and, 
obviously, in reviewing the many established classical calculations 
of energy losses of the body under normal ground conditions. The 
possibility is not excluded that, under these conditions, the need 
arises for reconsideration of the calorie value of the food ration. 
No wonder it is known that, of the 2500 kcal ration, the American 
astronauts ate only 1465-1649 kcal of food duling the Apollo 9 flight 
(Berry, 1969). Perhaps other, not precisely kncwn, heat losses take 
place from the body, under these conditions. Apparently, -1der 
weightless conditions, a new energetics must develop and, ?ossibly, 
a different heat regulation of the body, adequate to the new living 
conditions. 

Still another circumstance is important. At the besinning of 
a period of prolonged weightlessness, the general deconditioning and 
asthenization of a nurber of systens of the body can be well compen- 
sated by the significantly decreased energy denands of the body. As 
a resu!t, conplete well-being is noted and, after some adaptation, 
mover;,ent coordination will feel very easy, and the necessity for the 
stress fucction of the body in performing the same physical work as 
on earth, becomes superfluous, especially in peifoming slow and 
smooth movements. The absence of increased demands on all systerrks 
for oxygen supply, ATP synthesis and removal of the products of 
intensive metabolism while working, gradually leads to another level 
of functioning and deconditioning of the compensatory capabilities 
of the body. All this causes a further reduction in bcdy function 
and further mutual asthenization of the functions the:-selves and 
their energy 5upplies. Besides, an unusual vicious circle can de- 
velop, if this process does not s?op or if radical measures are not 
taken to break this circle, by varicus protective and prophylzctic 
measures. 

However, for the time being, these are  theoretical considerations. 
There still are extremely few facts supporting them and, sometimes, 
these facts even contradict the theoretical premises. 

As research has shown, during a stay under brief weightlessness, 
created in aircraft flights, some increase in pulmonary ventilation 
of the subject is observed, from 8.4 to 8.9 l/min. SimultaneouslyI 
there is an increase in oxygen consuniption, from 320 to 533 ml/min, 
and an increase in discharge of C02 from 260 to 412 ml/min (P. K. 
Isakov, Ye. M. Yuganov, I. I. Kas'yan, 196C; see Chapter 3 of this 
book). 

According to the data of I. I. Kas'yan, G. F. Makarov and B. V. 
Bljnov (1967), in the initial period, the oxygen consumption of 
six men was 214-330 rr,l/min, and it was 306-549 ml/min in weightless- 



ness, i.e., an increase in oxygen consumption occurs. In accordance 
with this, the energy consumption increases from 0.16 to 1.08 kcal 
per minute. These authors present similar results on increased respLra- 
tory metabolism in weightlessness. However, it must be considered 
that these data were obtained under conditions of very brief /273 
weightlessness (in a period of 40-45 sec) and immediately after 
considerable g-forces, preceding weightlessness. It is hardly 
correct to consider that they were caused by weightlessness alone; 
they probably reflect the aftereffects of g-forces and the beginning 
of the period of entry into weightlessness, which is unusual for the 
body, especially considering that respiratory metabolism has some 
inertia. It apparently must also be considered that a specific 
period of stay in weightlessness, the unusual nature of the situation, 
the absence of movemect coordination, the effect of inertial, 
initially very poorly regulated momentum in a complicated piece of 
work, all can initially lead to a considerable increase in respira- ; 

tory metabolisn and energy consumption. 

It is interesting that, not only in brief weightlessness, but 
in longer simulation of it on the unsupported stand, while performing 
special work, there was a rise in respiratory metoblism, from 356 
29.4 ml/min (1.75 k0.04 kcal/min) to 462 k11.4 ml/min (2.28 20.6 
kcal/min), while working on the stand, compared with normal conditions 
of work without the stand. More than that, even during simulation 

A 
of weightlessnes~ by water im.ersion, similar changes took place 
(I. I. Kas'yan, G. F. Makarov, V. I. Sokolkov, 1971). The previously 
mentioned basic features of the effect of weightlessness, a reduction 
in the energy consumption demand of the body and, hence, significant 
change in respiratory metabolism can develop only in subse- 
quent, longer stages of weightlessness. 

AS respiratory metabolism research shows (M. I. Mikhasev, V. I. 
.-2kolkov, M. A. Tikhonov, 1969), the basal metabolism of 15 subjects 
in a 70-day bed rest decreased by 5-21% from the initial level. 
A similar pattern was established in the tests of V. S. Katkovskiy 
(1967), in a shorter hypokinesia (for a period of 20 days). Basal 
metabolism decreased by 7-22% (by 10% on the average). In specially 
conducted tests on dogs, during a long (60-day) hypokinesia, there was 
significant reduction (by 20-25:) also in respiratory metabolism in 
the state of rest (Ye. A. Kovalenko, V. L. Popkov, et al., 1971). 

In all the tests with both people and animals, a drop in respira- 
tory metabolismoccurred mainly during the first mnth of hypokinesia, 
eqd sone stabilization of it was then noted. However, it is 
co~npletely evident that, in weightlessness, where the gravitational 
effects are removed, this effect can be more pronounced. Berry 
and colleagues (1967) present interesting data. It turned out that 
the calculated avernge energy czmsurnption in discharge of carbon 
dioxidc of the astronauts in the Gemini 4 flight was 2400 kcal, 2010 
kcal in Gemini 5 and 2219 kcal per day, in Gemini 7. This energy 
consumption turned out to be greater than the calorie value of the 



food eaten; therefore, the spacecraft commander and 2nd pj.lot 
lost 2-3.8 kg in the first qase, 3.4-3.8 in the second, and 2.7- 
4.5 kg in the third case. It still is not clear, whether or not 
these losses of weight are only due to dehydration. 

Berry (1966, 1967, 1969) considers that a definite tendency is 
noted for reduction in energy consumption, in proportion to increase 
in flight lengthsunder weightless conditions. While the energy 
consumption reached about 500 BTU/hour (126 kcal) during the brief 
hlercury flight8 it amounted to about 300 BTU/hour (75.6 kcal) on the 
8th day of the flight of Gemini 5. As is clear, these date confirm 
the correctness of the thought that there is a gradual reduction 
in energy metabolism under weightless conditions. In a study of /274 
energy consumption under partially reduced gravitation, during the 
stay and work on the moon by the Apollo 14 crew members, a quite 
significant decrease in energy consumption also was noted. In these 
cases, like during extravehicular activity in a spacesuit, there 
might even be an initial sharp rise in respiratory metabolibm in 
overcoming resistance generated by the imperfect design of the space- 
suits themselves. Energy consumption decreases significantly, in 
proportion to improvement in spacesuit design (Berry, 1971, 1972). 
This situation nust also be taken into account inside the craft, when 
putting on the spacesuit. 

The results of postflight processing of the regenerated 
substances and 6ata on dynamics of change in oxygen, carbon dioxide 
and water concentration in the air of the spacecraft cabins, con- 
ducted by A. N. Genin, G. I. Voronin and A. G. Fomin (1965), 
demonstrated that space flight does not have a great effect on human 
energy consumption in brief flights. According to the average data, 
the ener5y consumption in these flights was: 85.8 kcsl/hour by 
A. G. Nikolayev, 97.2 by P. R. Popovich, 83.5 by V. V. Tereshkova 
and 84.6 kcal/hour by V. F. Bykovskiy. In the opinion of these 
authors, the basic indices of metabolism should decrease in long 
space flights. All this confirms the correctness of the thought 
expressed earlier that energy consumption gradually decreases in 
weightlescness, although it may be increased at the beginning of a 
flight and reduction in it takes place only in proportion to 
adaptation. 

The data obtained by Wortz and Prescott (1966) must also be 
presented. They are from a human respiratory metabolism study in 
a special test stand, simulating reduced gravity on earth of one- 
quarter one-sixth and one-eighth of earth gravity. It was found 
that, when a man walks on a treadmill installed in this trainer at 
a speed of 6.4 km/hour, a reduction in energy consumption takes 
place, by 48, 56 and 60% of the initial value under normal earth 
gravity, respectively. Consequently, even with a partial decrease 
in the effect of weight, respiratory metabolism changes are very 
significant, and energy consumption decreases llnearly with 
decrease in gravitation. It follows from this that, even on the 



moon, where the gravity is one-sixth that of earth, energy consump- 
tion may decrease by more than half. Similar data, on the reduction 
in energy consunption of approximately half, while walking on an 
inclinedtest stand, with the effect of weight decreased to one- 
sixth that of earth, were presented by A. S. Barer and colleagues 
(1972). This all agrees with the opinions of Margaria anC Cavagna 
(1964) and Berry (1970, 1971), who also consider that energy 
consumption may decrease during movements under reduced gravity. 

There is still another interesting study. A respiratory meta- 
bolism study of Soviet astronauts P. I. Belyayev and A. A. Leonov 
(I. I. Kas'yan, V. I. Kopanev, 1967) has shown that the oxygen 
consun~ption of A. A. Leonov increased by 206 ml/min. This is 
completely understandable, in connection with the great stress and 
performance of certain operations (extravehicular activity). The 
oxygen consumption of P. I. Belyayev decreased by 72 ml/min from 
the initial, pref.'.ight consumption. To a certain extent, the latter 
confirm: the hypothesis of a reduction in metabolism in weightless- 
ness. Ucfortunately, the unique data are extremely few, and it is 
early now to make the final conclusion. 

Under weightless conditions, some reduction apparently is 
possible in temperature, since the tonus of the muscular system 
(especially in the state of rest) will be reduced. A reduction in 
body temperature of A. A. Leonov in the state of rest was observedm 4 

to 35.2', 35.4' and 35O, during the 4th, 7th and 15th orbits of the 
flight (I. I. Kas'yan, D. G. Maksimov, I. G. Popov, et al., 1971). 
Consequently, it cannot be excluded that a change in muscle tonus, 
which is especially important for heat production of the so-called 
temperature regulation mvscle tonus (K. P. Tvanov, 1968) leads to 
a change in the nature of heat regulation under weightless conditions. 
The latter also is closely connected with respiratory and energy 
metabolisnl of the body. 

We attempt to represent in detail the chain of possible changes 
in the entire energy metabolism in weightlessness. Obviously, 
removal of the effect of gravitation leads to a decrease in energy 
consumption. Consequently, the requirement for macroerg production 
is reduced. Inasmuch as synthesis of macrcsrgs and, first and 
foremost, ATP takes place mainly as a resulk of biological oxidation, 
the oxygen aild oxidation substrate supply requirement decreases. 
In turn, this decreases the load on the oxygen and oxidatio~ sub- 
strate supply system, as well as on removal of products of metabo- 
lism. In other words, deconditioning of the cardiovascular system 
and, possibly, subsequently, the respiratory function begins. More 
deep-seated processes may develop at the sites of biological oxi- 
dation itself, i.e., in the mitochonCria and enzyme systems. 
"Deconditioning" of the biological cl~:idation p=ocess itself is 
possible, in connection with the fcct that therc will not be a 
continuous an2 adequately intensive stimulation of ATP resynthesis 
by its breakdown products, ADP in particular. The latter has been 



successfully demonstrated, to a certain extent, in model tests after 
prolonged hypokinesia of rats, in studies of the respiration of 
mitochondria removed from their tissues. It turned out that, in 
these cases, interruption of oxidative phosphorylation begins, and 
changes in structure of the cristae cf the mitochondria were found 
~orphologically, right on the surfaces and membranes, on which bio- 
logical oxidation proceeds (Ye. A. Kovalenko, V. L. POP~OV, et al., 
1970a, 1970b; E. S. Mailyan, et al., 1970; L. G. Grinberg, 1972). 
It cannQtbe excluded that similar qualitative changes in biological 
oxidation takes place under actual weightless conditions. Further, 
these changes can lead to disruption of adequate synthesis of macro- 
ergs and disruption of the oxygen budget of the body in hypokinesia 
and weightlessness. Respiratory metabolism efficiency and economy 
during work are disrupted (Yu. S. Galushko, 1972). The oxygen 
demand and the oxygen debt increases, and the coefficient of 
recovery of the oxygen budget of the body also decreases. All this 
leads to a sharp disruption of the oxygen regime of the body (A. V. I 

Ryazhskiy, 1972) and to a reduction in performance capacity (Diagram 8). 

This chain of events is easily t r a ~ d  in model tests during 
prolonged hypokinesia, which we and our colleagues carried out on 
animals (rats) over a period of 100-130 days (Ye. A. Kovalenko, V. L. 
Popkov, et al., 1970, 1971; E. S. Mailyan, et al., 1970; Yu. S. . + 

Galushko, 1972; L. G. Grinberg, 1972; A. V. Ryazhskiy, 1972). 
Similar phenomenon of significant reduction in performar,ce capacity 
andrefsplratory and energy metabolism economy of the body are seen 
in astronauts, after they have been in weightlessness. Berry (1971) 
noted that a reduction in performance capacity and the considerable 
deterioration in ability to utilize oxygen and, consequently, to 
perform assigned work, were observed in all crew members of the 
Gemini and Apollo spacecraft. 

After the flicjhbof the Soviet astronauts in Soyuz 4 - Soyuz 8, 
it was detern~ined that, after 2- 5-day flights, in performance of 
measured physical work on the bicycle ergometer, at a rate of 600/276 - 
kgm/min, an increase was noted in oxygen consumption, from 1384- 
1567 ml/min before the flight to 1399-1621 ml/min after it. A qreater 
increase of heart rate and decrease in oxygen pulse took place 
simultaneously. In performing still more work (1400 kgm/min), the 
oxygen consumption changed from 2079-2804 before the flight to 
2172-2783 ml/min after it; the pulse and respiration rate changed 
still more markedly, and the oxygen pulse also decreased (B. S. 
Katkovskiy, G. V. Machinskiy, et al., 1972). In analyzing the 
results of the flights of the entire Soyuz series, Yu. G. Nefedov, 
L. I. Kakurin and A. D. Yegorov (1972) point out a reduction in 
performance capacity and general asthenization and fatigue of the 
autronauts, as well as a reduction in strength and tonus of the anti- 
gravity muscles. With increase in flight duration, these phenomena 
progressed. 
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Diagram 8: Proposed scheme of pathogenesis of changes in energy 
metabolism under weightless conditions 

Still another circumstance must be noted, a reduction in 
afferent effects, coming to various sections of the central nervous 
system under weightless conditions. The general decrease in load on 
the body and decrease in afferentation and reduction in stimulation 
of the reticular formations and, further, a decrease in stimulation 
of the hypophyseal system, lead to a decrease in thyrotropic hormone 
production; all this can then cause a general reduction in function 
of the thyroid gland and a drop in thyroxine output. In turn, the 
latter also will favor disruption of the rate of oxygen utilization 
in the tissues, with asthenization of the body. As a result of all 
these changes, in all likelihood, further changes in thyroid gland 
function will take place, and this will cause a reduction in oxygen 



consumption of the tissues. Since there are cells producing 
thyrocalcitonin and thyroxine in the parenchyme of the thyroid gland, 
disruption of the oxygen and calcium metabolism may somehow be 
mediated through the change in function of this gland. There are 
direct data; a distinct uncoupling effect of the mitochondria 
function is noted in the cell, with an increase in calcium level 
(L. G. Grinberg, 1972). Consequently, there also may be a connection 
between disruption of energy and calcium metabolism regulation in 
weightlessness, both at the lcvel of the thyroid gland and at the 
level of the final structures of biological oxidation, i.e., in the 
mitochondris. These are important and unstudied aspects of the 
pathogenesis of the intimate aspects of metabolism in weightlessness. 

Evidently, still another structural aspect of metabolism must be 
dwelt on. Performance of all functions in our body continually 
requires, not only energy supply to them, but, without fail, plasticity 
(F .  Z. Meyerson, 1967). Breakdown and buildup of new systems 
continually takes place in our body. The existence of this dynamic 
structural equilibrium of the body is always maintained by corres- 
ponding demands for preservation of structure of the organs and 
tissues. When a prolonged increase in their fu~ctions is necessary, 
the predominance of anabolism over catabolism develops, since an 
increased load on the structure is generated and the mass of the 
necessary functional structural units increases. In weightlessness, 
with changes and decreases in functional loads, as the main link in 
pathogenesis, together with 2 reduction in energy consumption, 
catabolism can prevail aver anabolism, as a result of the absence of 
intense stimulation of anabolism. Disturbance of the protein 
synthesis function develops in the cells, and the DNA-RNA-protein 1277 
system will function to a lesser extent, not receiving the proper 
stimulation impulses. The latter leads to decrease in enzyme and 
protein synthesis. 

A gradual increase in mass of organs and tissues develops and, 
as a result, a decrease in volume and weight of the muscles. Does 
this process take place in a man in actual space flights? It 
apparently does. It wasstatedabove that, for example, the cir- 
cumference of the thighs and calves of the astronauts decreases after 
flights. More than that, a decrease in heart dimensions was noted. 
The phenomenon of general loss of weight of almost all astronauts 
after a flight is well known. The weight loss, as a detailed 
analysis shows, cannot be completely attributed only to loss of /278 
fluids. In other words, a loss in tissue structure and, of course, 
mainly of the muscle system, is noted. This is simulated very well 
in hypokinesia tests. 

We still know little of the peculiarities of change in hydro- 
carbon and fat metabolism in weightlessness. However, this phenomenon 
cannot be eliminated, as a transition, in a  umber of cases, of 
matter and energy metabolism, from more intensive and productive to 
less intensive, for exanple, a change of the normal hydrocarbon 



metabolism to the pentose cycle and formation of lipid metabolism 
products. Changes in lipid metajolism are possible, as a result of 
which, the structure and permeability of the biological membranes of 
the cells and their organelles can be disrupted, and this leads to k 

a change in the water and electrolyte metabolism in the cell, etc. 
In other words, in the examination here of various aspects of metab- 4 
olism in weightlessness, the possibility of the development of vicious 
circles and their close connection with other links in pathogenesis 
arises. I 

1 
There still are few concrete data, in this entire chain of 

hypothetical changes, on singularities of neuroendocrine regulation 
B 
1 

under weightless conditions, but we have attempted to examine a S 
3 

number of possible pathways of change in this regulation. It can be 
assumed overall that this major function of the body gradually j 

changes its active adjustments. Stressor effects, caused by the 
start of the flight, decrease. Gradual change to predominance of 
parasympathetic effects on a number of functions and systems takes 
place. This situation can be replaced by periodic readjustments 
of sympathetic and stressor type regulation, depending on the 
specific stresses of the space flight situation. 

In setting forth the proposed pathogenesis of the effect of 
prolonged weightlessness on the body, we have scarcely touched on 
questions connected with possible adaptation of the body to this 
factor. This aspect of the problem will be examined in succeeding 
chapters of the book. Problems of adaptation are discussed in 
sufficient detail, in the analysis of performance capacity of the 
astronauts in Chapter 6. We have limited our task to exarination of 
possible aftereffects of weightlessness, from the point of view of 
pathophysiology. 

In conclusion, we would like to emphasize again that all the 
considerations we have expressed on the proposed pathogenesis of the 
effect of weightlessness on the body are very hypothetical and are 
actual to a greater extent, if no means of prophylaxis and protection 
are used. Since the same means are used and, of course, will be 
used in flights of ran, with an increase in degree of activity, many 
of these disruptions and links of pathogenesis, in all likelihood, 
simply will not occur, which has been demonstrated by the successful 
accomplishment of long (up to 84 days) flights of three crews in the 
Skylah orbital station. However, all the experience of medicine 
indicates and urgently requires of us an approach, in which patho- 
physiological analysis of the mechanisms of the observed changes in 
the body is necessary, in order to better understand possible 
disturbances and, hence, to not permit or to limit manifestations 
of them. 



2. Prophylaxis of Unfavorable Effect 
of Weightlessness on the Human Body 

20 years of experience has significantly enriched our knowledge 
of the effect of space flight on man. It has now been solidly 
established that flights 2-3 months long do not cause serious 
functional disruptions, which would sharply worsen the perforrnance/279 
capacity, or of explicit pathological disorders, which could be 
recorded by the medical monitoring methods used. 

As is well known, one of the factors continually acting in 
space flight and least studied, because of the impossibility of 
full reproduction of it over a long period of time under earth 
conditions, is weightlessness. Analysis of clinical-physiological 
data obtained in actual flights and during simulation of the effects 
of weightlessness under laboratory conditions has resulted in a 
description of the phenomenology of the unfavorable effects of weight- 
lessness, development of some pathogenetic mechanisms of its effect 
and determination of the direction of work to find means and methods 
of prophylaxis. However, it should be noted that there is not a 
unified point of view at present, with respect to possible after- 
effects of long space flights, and of the importance of adaptation of 
the body to weightlessness (P. V. Vasil'ev, et al., 1969; Ye. A. 
Kovalenko, P. V. Vasil'ev, 1971; Berry, 1971, and others). Meanwhile, 
it is extremely important to know the physiological systems in which 
adaptation is observed and the ways in which it is accomplished, as 
these transformations may be reflected in the reaLtivity of the body 
to external and internal stimuli, including pathogenic agents, the 
extent to which adaptatior to weightlessness subsequently limits the 
adaptive capabilities a ~ d  performance capacity of a man after he lands, 
etc. It also is impczcant to iriow, Is accumulation of unfavorable 
effects observed in any system, and what are the consequences to which 
it can lead? The competence cf asking all these questions is 
strengthened by the results of tte 18-day flight of A. G. Mikolayev 
and V. I. Sevast'yanov (0. G. Gazenko, P. V. Vasil'ev, 1970). 
Prognosis of the directions of these changes in various physiological 
systems (Fig. 69), made by Dietlein (1965), is not without substan- 
tiation, and can be the suLject of special discussion and study. 
Of course, convincing answers to these questions will be obtained only 

i in space flights, with a considerable increase in duration of them. 
They will permit a more rational approach to synthesis of a complete 
system of prophylactic measures. 

However, efforts have already been made to develop means of 
preventing or considerably mitigating the unfavorable manifestations 
of the effect of weightlessness. It should be noted that all these 
studies have been conducted and are being conducted in experiments, 
with simulation of weightlesbness, by means of prolonged restriction 
of notor activity in bed rest or by submerging in immersion media. 
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Kosmos 110 

22 days 
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Fig. 69. Hypothetical picture of disruption of body 
t'!inctions during prolonged stay under weightless 
conditions (further develcpment of scheme of L. 
Dietlein, 1964): a. disruption of cardiovascular system 
activity; b. muscle atrophy; c. disruption of water- 
salt metabolism, dehydration of body; d. disruption of 
calcium metabolism, bone demineralization; e. disruption 
of hemopoiesis, f. digestive disorders; g, vestibular 
disorders (nause.:, dizziness); h. change in basal metabo- 
lism level; i disruption of respiratoryenergymetabolismt 
j. sleep and change in daily rhythm; k. genezal astheni- 
zation, caused by the set of flight factors (weightless- 
ness, hypokinesia, monotony of the situation and living 
environment). 



It is known that the most reliable and effective are etio- 
pathonenetic means of both treatment and prophylaxis of any patho- 
logical process. 

The polymorahic nature of clinical-physiological,biochemical, 
immunobiologic~i, histological and histochemical disturbances indicate 
the unusal ci~iversality of the etiological factorr having an effect 
on different systems of the body (Ye. A. Kovalenko, et al., 1970; 
McCally, 1468; Berry, 1971, and others). The overall picture of 
disruptiocs i n  a prolonged stay under weightless conditions is 
characterized by generai asthenization, suppression of immunobio- 
logical reactivity, deconditioning of the striated, especially 
antigravity, musculature and readjustment of the hemodynamics, protein, 
mineral and water metabolism (Yu. M. Volynkin, P. V. Vasil'ev, 
1965; Ye. I.Vorob'ev, et al., 1970; 0. G. Gazenko, P. V. Vasiltev,[280 
1970; 0. G. Gaxenko, et al., 1972; Berry, 1970, and others). It was 
discussed in detail in the preceding section. 

Three driving links can be d:.stinguished in the pathogenesis 
of the disorders observed in weightlessness: 

-- removal of hydrostatic pressure of the fluids, especially 
the blood; 

-- decrease in gravitational (force) load on the skeletal 
muscular apparatus (hypodynamia) and r.otor activity (hypokinesia); 

-- change in gravireceptor functions. 
The complex interrelationship between these links, the specific 

importance of which in manifestation of one disruption or another 
changes at different stages of a flight, determines the everall 
picture of the developing disorders. By acting on thesepathogenetic 
links, the unfavorable effects of weightlessness can be dccreased./281 
Ways and methods of prophylaxis are presented in Diagram 9. 

It is evident from the diagram presented above that artificial 
gravitation is the single, uiversal method of prophylaxis of the 
negative effects of weightlessness. The thought of creating arti- 
ficial gravity in spacecraft was first expressed by K. E. Tsiolkov- 
skiy (1911). However, theoretical and experimental studies of this 
problem began only at the moment of the launch of the first artificial 
earth satellites. Two questions in this problem require a strictly 
scientific substantiation: determination of the minimum effective 
artificial gravitation and determination of the rotating system 
parameters permissible for man, by medical indications. In all like- 
lihood, it will-be possible to solve these problems, only by a 
reasonable compromise. 
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Ye. M e  Yuganov and M. D. Yemel'yanov (see l a s t  s e c t i o n  of t h i s  
c h a p t e r ) ,  on t h e  b a s i s  of a n a l y s i s  of * x i s t i n g  d a t a  on t h e  r e s i s t a n c e  
o f  man t o  a ~ r a l o n g e d  s t a y  i n  r o t a t i n g  systems, reach t h e  /282 
conclus ion  t h a t  w i t h  a pe rmiss ib le  r o t a t i o n  r a t e  V = 10°/sec,  t h e  
optimum r a d i u s  o f  r o t a t i o n  of  s p a c e c r a f t  muat be R = 90 m, i n  which 
t h e  v a r i a t i o n s  i n  weight  of  an a s t r o n a u t ,  under r n d i t i o n s  02  h i s  
movement i n  t h e  d i r e c t i o n  of  r o t a t i o n  does n o t  go beyond 0.25-0.35 g. 
However, t h e s e  d a t a  may be s u b j e c t  t o  s i g n i . f i c a n t  c o r r e c t i o n s  under 
r e a l  f l i g h t  c o n d i t i o n s  (A. M. Conin, 1965).  The complexity of  t h e  
phys io log ica l  problems, a r i s i n g  i n  development o f  a r t i f i c i a l  g rav i -  
t a t i o n ,  is no less than t h e  complexity of  :he t e c h n i c a l  problems 
f a c i n g  t h e  s p a c e c r a f t  d e s i g n e r s *  i n  t h i s  case ,  a s  w e l l  a s  t h e  absence 
of  an a c u t e  need f o r  a r t i f i c i a l  g r a v i t a t i o n  i n  t h e  f l i g h t s  accom- 
p l i s h e d ,  according t o  medical i n d i c a t i o n s ;  a l l  t h i s  is de lay ing  
f u r t h e r  advance and t h e  b r i n g i n g  o f  e x i s t i n g  p r o j e c t s  of t h e  very 
promising a r e a  o f  prophylaxis  o f  n e g a t i v e  consequences of  weight- 
l e s s n e s s  i n t o  being. 

Technica l ly  s h p l e r  and more a c c e s s i b l e  methods of prophylaxis ,  
t r a e ,  d i r e c t e d  only  towards i n d i v i d u a l  pa thogene t i c  l i n k s  o r  even 
symptoms of t h e  unfavorable e f f e c t s  o f  we igh t l e s sness ,  a r e  be ing 
e x t e n s i v e l y  developed a t  p r e s e n t  and have been approved i n  r e a l  space  
f l i g h t s  i n  p a r t  (A. M. Genin, I. D. Pestov,  1971; Vogt, 19663 Tay lo r ,  
David, 1966; McCally, 1969, and o t h e r s ) .  

It is kqown t h a t  removal of  t h e  h y d r o s t a t i c  p r e s s u r e  of  t h e  3 blood and t i s s u e  f l u i d s  observed under w e i a h t l e s s  c o n d i t i o n s ,  and 2 
reproduced i n  l a b o r a t o r i e s  by a long s t a y  of a  man i n  a  h o r i z o n t a l ,  
low-mobility p o s i t i o n  o r  by submerging him i n  a  the rmal ly  i n d i f f e r e n t  
l i q u i d ,  l e a d s  p r i m a r i l y  t o  r e d i s t r i b u t i o n  of  t h e  blood i n  t h e  body, 
wi th  an i n c r e a t e  i n  t h e  amount o f  it i n  t h e  upper p a r t  of t h e  t runk.  
Increased d i u r e s i s  develops h e r e ,  which i s  caused by swi tching on of 
neuroendocrine mechanisms (Gauer, 1971) ,  and l o s s  of  water  and 
e l e c t r o l y t e s  occurs ;  t h e  volume o f  c i r c u l a t i n g  blood dec reases  s i g -  
n i f i c a n t l y ;  dehydra t ion  of  t h e  body develops. During a  1or.g s t a y  
under reduced hydrosti- tic p r e s s u r e ,  i n  a d d i t i o n  t o  plasma l o s e  and 
decrease  i n  volume of  c i r c u l a t i n g  blood,  decondi t ioniny o f  t h e  
ca rd iovescu la r  system and i t s  regulatory mechanisms, d i r e c t e d  towards 
maintaining t h e  b a s i c  hernodynamic c h a r a c t e r i s t i c s ,  s e t s  i n .  
A consequence of t h i s  deconSf t ioning is  a  reduc t ion  1 . 1  t o l e r a n c e  of 
g- forces  and t h e  v e r t i c a l  pos ture .  

To prevent  t h e s e  d i s o r d e r s ,  caused by t h e  reduc t ion  i n  hydro- 
s t a t i c  p r e s s u r e  of  t h e  blood,  a  number of mcthct3s a r e  being ?eveloped. 
Among them a r e  i m p a c t - i n e r t i a l  e x e r c i s e s  i n  p h y s i c a l  t r a i n e r s ,  
occ lus ion  c u f f s  on t h e  l imbs,  r e g u l a t i n g  t h e  inf low of  blood t o  t h e  
heark e.nd cond i t ion ing  t h e  vascu la r  system, r e s p i r a t i o n  under excess  
p r e s s u r e ,  p lac ing  t h e  lower h a l f  o f  t h e  body under vacuum, s h o r t -  
r a d i u s  c e n t r i f u g e s  and pharmacological p r e p a r a t i o n s ,  keeping t h e  
w a t e r - s a l t  metabolism normal anC s t i m u l a t i n g  t h e  c a r d i c v a s c u l a r  and 
c e n t r a l  nervous systems. Each o f  t h e s e  methods has  q u i t e  convincing 
proof of  e f f e c t i v e n e s s  of use  of them (see t h e  nex t  s e c t i o n ) .  



In laboratory studies with man, it has been determined that, by 
means of impact-inertial exercises, the hydrodynamic impact repro- 
duced has a powerful conditioning effect on a number of body systems, 
first and foremost, on the cardiovascular system (Whedon, et al., 1949; 
Miller, et al., 1964, and others). The effectiveness of these 
training exercises has been confirmed in orthostatic loading tests1283 - 
All persons trained during hypokinesia on the impact-inertial test 
stand tolerated orthostasis considerably better than persons in the 
control group, both over time a11d by degree of expression of physio- 
logical reactions (Chase, et al. , 1966) . 

Numerous tests of foreign and domestic authors are convincing 
tvidence of the possibility of successful use of pneumatic cuffs on 
the lin;bs, under certain conditions. These cuffs make it difficult 
for the return of vencllsblood to the heart and, in this manner, 
simulate the effects of hydrostatic pressure, to a certain extent 
(P. V. Buyanov, et a:., 1966; Graveline, 1962; Vogt, 1965, 1966, and 
others). Use of this method under optimum conditions favorably 
affects vascular tonus, neurohumoral regulation of the blood circu- 
lation and water-sa1.t metabolism. Thus, for example, Vogt and 
Johnson (1967), in studies of 14-day hypokinesia, using the occlusion 
cuffs, noted their favorable effect on retention of blood plasma in 
the vascular system. In fact, while the plasma volume of the control 
group in the experiment decreased by 12.6% on the average, that of 
persons using the cuffs was only by 4%. According tc observations 
of McCally and colleagues (1968), the cuffs favored maintenance of 
normal elimination of noradrenalin with the urine (Fig. 7 0 ) ,  which 
has a direct relatiorship to the functional state of the sympathetic- 
adrenal system. Vogt (1965) found a favorable effect of these cuffs 
on the weight and diuresis indices. In 70-day hypokinesia, V. G. 
Voloshin and colleagues (1971) observed that persons conducting 
training, use of occlusion cuffs, applied to the uDper third of 
the thigh, prevented reduction in the flexible-elastic properties 
CL the vessels of the lower limbs, to a considerable extent. The 
tolerance of orthostatic loads and the effect of acceleraticns was 
decreased. True, according to the data of Vogt (1965), in studies 
with the subjects in an immersion medium, use of the cuff decreased 
the number of losses of consciousness in conducting the orthostatic 
test, and it favorably affected the cardiovascular system. Thus, it 
is shown in Fig. 71 that loss of consciousness was observed in the 
orthostatic test, without use of the cuff, ~t the 25th minute. 

Consequently, the question of the effect of the pneumatic cuffs 
on orthostatic tolerance and tolerance of g-forces still remains 
controversial; the data on this question are contradictary. The 
conduct of further tests is necessary, for the purpose of finding the 
most effectite training conditions and the optimw. localization of 
application of the cuff. 
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. I . _ Y d  hrs 

Surmerged in Water 

Fig. 70. Dynamics of noradren- 
alin elimination with the urine 
(in micrograms) in 2 hours of 
persons in a chair (1), submerged 
in water without the occlusion 
cuffs (2) and with the occlusion 
cuffs (3) (from McCally , et al. , 
1968) 

To simulate hydrostatic blood 
pressure during a space flight, 
several versions of a unit for 
decompression of the lower part of 
the body are being developed and 
tested: a special chair (Fig. 72), 
a cylindrical container, a special 
coverall trousers. In creating a 
vacuum ~ d e r  these conditions, a 
double effect develops: a power 
load is created in the direction of 
the longitudinal axis of the body, 
which simulates weight to some 
extent and redistribution of blood 
and accumulation of it in the lower 
part of the body takes place, which 
is characteristic of being in the 
vertical position on the ground. 
,Both effects, judging from the 
results of the study, have a con- 

# 

ditioning action on the body, and 
they present the development of B sharp disruptions in the readaptation 

Minutes 

Fig. 71. Flood pressure and heart rate before, 1, and 
after,2, water immersion in orthostatis (start at 5th 
minute): a, without cuff; b, using cuff (from Vogt, 1965). 



Fig. 72. Vacuum chair to create 
negative pressure on the lower half 
of body (from Genin and Pestov, 1972) . 

Ambulatory 
observations 

I 
I 

I I in .  the 
c l i n l c  - 1,: 

Bed rest, days; normal 'conditions 

Fig. 73. Change of plasma volume 
(average data) of perscns in control 

(a) and LBNP conditioned (b) groups 
in 26-day hypokinesia (from Stevens, 
et al,. , 1966) 

p~riod, first and foremost 
in the hemodynamics. A 
favorable effect of use of 
these designs on the fluid 
content of the body has been 
clearly determined: a higher 
level of the plasma 
volume is maintained /284 
(Fig. 73) , diuresis decreases, 
secretion of the antidiuretic 
hormone increases, and the 
activity of the sympathetic : 
nervous system is stimulated 1 $ 

(the blood catecholamine 
content increases). i 

3 
I 

The application of 
negative pressure to the : 
lower part of the body (LBMP) 

i 

of from 20 to 40 mm Hg, to 
persons in bed for a long i 
time, has restored the leg q 

volume, reflecting redis- 
tribution of fluids to the 
level observed in the verti- 
cal ~osture under earth 
gravity conditions (Musgrave, 
et al., 1969). The respira- 
tory function of the lungs 
(Dewell, et al., 1969; 
Potanin, e+ al., 1969) and 
kidneys (Gilbert, et al., 1966) 
under LBNP, also /285 
approached the level of 
functioning characteristic 
of the vertical human posi- 
tion. In experiments with 
prolonged hypokinesia, 
application of a vacuum con- 
tainer, to create LBNP under 
certain training conditions, 
increased the tolerance of 
an orthostatic load or the 
acute action of LBNP, of up 
70 mm Hg. 

In studies of Stevens, 
Miller and colleagues (1966), 



carried out with six subjects in 26-day bed rest, it was noted that 
the conditioning effect of negative pressure on the lower part of 
the body prevented loss of consciousness under orthostatic loads 
and decreased the stress on cardiac activities. Thus, the pulse rate 
of persons in the control group increased by 29 beats per minute 
after bed rest, while standing passively, and that of those subjected 
to LBNP, a total of 12 beats per minute. Similar results have been 
obtained by other investigatcrs in si~ilar experiments (I. D. Pestov, 
B. F. Asyamov, 1972; Miller, et al., 1965; Stevens, Lynch, et al., 
1966; Cramer, 1971). 

The vacuum container was used on the 24-day flisht of the Salyut 
orbital station, and it received a favorable rating from the astronauts. 
The crew. members willingly used this device, and they noted that 
training in it gives very pleasant sensations (A. M. Genin, I. D. 
Pestov, 1972). There is no doubt that the vacuum container used in 
Salyut requires further improvement, both in design and in its 
planned operating conditions aboard the spacecraft. 

The principles of creation of negative pressure in the region 
of the lower part of the body can be used in flight, as a functional 
test, for expert evaluation of the state of health of tke astronauts, 
primarily of the cardiovascular system, in solving the problem of 
the possibility of continuing the flight. Consequently, the /286 
vacuum container is a useful and promising means of prop-hylaxis of 
the unfavorable effects of weightlessness. 

The biochemical and. physiological mechanisms of the effect of 
LBNP on the human body xriust be studied more deeply in laboratory 
investigations, so as to more rationally constitute the conditions 
for its use in space flights. 

The most significant physiological shortcoming of LBNP prophy1axi.s 
is the absence of a hydrostatic pressure gradient along the body 
vertical. Although technically, creation of such devices is completely 
practicable, they are complicated in design and considerably less 
convenient in operation, especially un?.er flight conditions in space- 
craft . 

American authors (Elockley, 1970, and others) have obtained 
reassuring results, by combination of respiration under excess 
pressure, using a special suit, having a counterpressure gradient 
on the body (Fig. 74); this method merits special experimental study. 

A comparison of the pathogenetic mechan.isms of disorders in 
hypokinesia and weightlessness and the physiological effects of 
respiration under excess pressure indicate the advisability of 
deeper study of this method of prophylaxis of these disorders. The 
first tests conducted by I. D. Pestov indicate the possibility of 
obtaining quite favorable results. 
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A search for pharma- /287 
cological means of keeping 
water-salt metabolism normal, 
maintaining the volume of 
circulating blood, preventing 
demineralization of the bones 
and increasing the ortho- 
static tolerance and toler- .. - 

,, 
ance of g-forces also is 
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competence of this area of 

LV I pi - work. Thus, Gauer and 
. . .  ' \ .  . - --  .*.-- < colleagues (1965), by slow 

administration of vaso- 
pressin, at a dose of 0.25 
units per kg of weight, 
observe a return to normal 
diuresis and elimination of 
~ a +  and K+ (Fig. 75) , caused 
by prolonged submersion of 
man in a thermally indifferent 
liquid. Similar results have 

, j  been obtained by Eckert (1964), 
. -. Hunt (1967) and McCally and 

colleagues (1968) . Eckert 
(1964) noted a decrease in 

Fig. 74. Suit for prevention of diuresis, with administration 
unfavorable effects of deconditioning of vasopressin antidiuretic 
of cardiovascular system under hormone, at a dose of 0.5-1 
rthostatic loads (from Blockley, unit per kg of weight, 

1968) instantaneously or by pro- 
ionged infusion at 3 rate of 

0.25 unit/kg in 30 mil!. Administration of vasopressin not only 
prevented polyurea, but it promoted recovery of plasma volume and 
favorably affected the orthostatic test indicators (Fig. 76). 
Infusion of the preparation, even in doses not affecting the total 



blcod pressure, prevented development of orthostatic collapse in 
four out of five cases. 

hrs 

Fig. 75. bffect of intra- 
venous administration of 
vasopressin (0.25 unit/k ) 
on dynamics of K+ and Na 4 
elimination and overall 
diuresis during immersion 
of subject (Gauer, et al., 
1965): 1, control; 2, test; 
moment of administration of 
preparation shown by arrow 

These data were extended by the 
authors in subsequent studies, with 
bed rest duration from 28 to 78 days 
(Stevens, et al., 1966). It was 
demonstrated here t h ~ t  the use of 
9-FF is equally effective in both 
early and later periods of bed rest 
(Fig. 77). An important section of 
this work was determination of the 
orthostatic tolerance of subjects at 
various times in bed rest, before and 
after use of 9-FF. The criteria for 
evaluation of orthostatic load 
tolerance (90° up to 30 min) were 
the time of onset of loss of con- 
sciousness and heart rate. Accord- 
ing to the data of the authors, 
9-FF did not have a clearly expressed 
effect oc tolerance of orthostasis, 
although some tendency towards slowing 
of the heart rate was observed here. 
The latterfact, a decrease in tachy- 
cardia, was convincingly confirmed 
in the work of Bohnn and colleagues 
(1969). In experiments on E subjects, 
in the course of 10 days of strict 

, !, 7; 
,\- ' > 

\b I\ ! 
k 1 

Inunersion , 
,.' l , l  , * .', 

Fig. 76. Effect of 6-hour immersion on orthostatic 
tolerance, according to pulse rate and arterial pressure 
data, in change from "prone" positi.on, L, to %it.ti1.yv 
position, S:  I, without prepar~tion; 11, using prepara- 
tion; a, baseline; b, aPter immersion (from Gauer, et al., 
1965) 



.-. 
I B bed rest and use of 0.2 mg of the 

mineral corticoid 9-FF, the authors 
demonstrated that the reaction of the 
cardiac contractions of the subjects 
were less pronounced, an2 recovery 

ri 
took place more quickly, than in 

a .  persons receiving placebo. The effect - of use of 9-FF on body weight, diuresis, 
t plasma volume and elinination of sodium 
rl g :  I and potassium was favorable, end itdid 

not differ from the results of the tests 
Stevens and colleagues (1965, 1966). 

Fig. 77. Change in plasma 
volume (1) and erythrocyte 
mass (2) at various times 
in bed rest and effect of 
9-FF on them: A,  without 
preparation; after admin- 
istration of 9-FF for 2 

Keeping in mind the important role 
of aldosterone in the mechanism of 
disruption of water metabolism and 
blood- circulation, Ditzel and colleagues 
(1964) tested its effectiveness in /288 
orthostatic hypotension. Favorable 
results were obtained in all cases here. 
This allows this preparation to be 
recommended for broader experimental 
testing, especially in hypodynamia. 

. . 
days (from Stevens, et al., As was noted above, in hypodynamia 1966) and weightlessness, significant dis- 
orders of calcium metabolism, the physical importance of which in 
the body is difficult to overestimate, axe observed. Calcium metab- 
olism in the body and preservation of a constant level of it in the 
blood is regulated by the parathyroid hormone and thyrocalcitonin 
(B. V. Aleshin, 1969; Siggler, et al., 1967, and others). Here 
while the parathyroid hormone, increasing the activity of the /2E9 
osteoclasts and increasing the number of them, leads to destruction 
of hydroxyapatite crystals and discharge of calcium and phosphorous 
ions into the blood, which is accompanied by hypercalcinemia, thyro- 
calcitonin, on the other hand, decreases the calcium content in the 

t blood circulation. Based on the mechanism of action of thyrocalci- 
tonin and keeping in mind the existing concepts of the genesis of 
disruptions of calcium metabolism under weightlessness, Gittes and 
and Wells (1967) proposed use of this preparation in space flights. 
The rationale of this proposal is partially confirmed in the work 
of Wynston and Perkins (1968), who qhowed that administration of 
thyrocalcitonin to white rats, at a dose of 0.315 rng per animal, 
decreased the extent of decalcification of immobilized limbs. The 
results of our experiments on rats 7-ith prolonged hypokinesia were 
similar (A. I. Volozhin, et al, 1972). 

The experimental studies of Wynston and colleagues (19671, 
carried out on rabbits, guinea pigs, rats and chicks, showed that 
parotin does not reduce the calcium level in the blood. However, 
it seems to us that tests of parotin must be carried out in pro- [290 
longed hypodynamia, when distinctly expressed shifts in regulation 



of calcium metabolism develops and there is an increase of its 
content in the blood, i.e., on the background of changed reactivity 

i of the body, fora final answer. 

To prevent protein breakdown, losses of axoino acids and de- 
calcification of bone, substances can be tested, which, by systematic 
use, stimulate protein synthesis, improve amino acid uptake and 
change the negative nitrogen balance to a positive one, and also 
inhibit loss of calcium by the body. The anabolic effect of such a 
type of preparation is widely used in the clinic, for treatment of 
osteoporosis andto accelerate consolidation of bones iri fractures. 
Several groups of anabolic agents are known at present: anaboliziny 
steroids (dianabol, nerobol, etc.), biogenic anabolizers (apilak, 
etc.),. Lhose tr.c.fnly stimulating synthesis of proteins, as well as 
& c ~ i l ~ c !  tn~elaGi i l t?  j L ~ I I C  pyrimidine (cytcsine, orotic acid, etc. ) bases 
and certain vitamins (B12, folic acid). Study of the effect of these 
preparations on the amino acid acd calcium bal~nces, in an experixrent 
with prolonged hypokinesia, would be fully substantiated theoretically 
(V. V. Parin, et al., 1969). 

In the studies of colleagues of our laboratory, the effective- 
ness of multiple use of phenariine, caffein and strychnine or 
securinine was studied in orthostatic tests and the effects of g- 
forces, before and after prolonged bed rest or immersion. These 
preparations, having a tonic effect on the cardiovascular and 
respiratory systens, the cortex and subcortical vegetative centers, 
the spinal cord and the striated muscle, was prescribed in the 
following doses: phenamine 0.01 g, caffein sodium benzoate 0.2 9, 
strychnine 0.001 g or securinine, O . C O 2  g. 

In 18-hour immersion tests, the set of pharmacological agents 
is used an hour before performing the orthostatic test. A distinctly 
expressed effect is obtained here. In fact, while collapse of four 
of seven subjects developed after the orthostatic test in the 
control studies (immersion without prophylaxis), in the series using 
the medicinal preparations, similar phenomena'were not noted in a 
single one of the men (I. D. Pestov, 1968). 

The effectiveness of these  reparations also was manifested in 
a 70-day bed rest experiment. Thus, at the end of the experiment, 
four subjects of the control group developed collapsk in the ortho- 
static test, while in subjects receiving the set of stimulators /291 
during hypodynamia and before the final orthostatic test, the 
physiological shifts iu the vertical position were of a compensated 
nature. This was expressed by a somewhat lesser degree of tachy- 
cardia during orthostatis and less pronounced shifts in pulse 
pressure and systolic volume, in persons receiving the medicinal 
preparations (Fig. 78). 



I n  de te rmina t ion  o f  t o l e r a n c e  o f  
l a t e r a l  a c c e l e r a t i o n s  b e f o r e  and a f t e r  
bed rest, a f a v o r a b l e  e f f e c t  of  t h e s e  

Fig.  78. Reaction of  
ca rd iovascu la r  system 
t o  pharmacological 
a g e n t s  i n  o r t h o s t a t i c  
tes t  a f t e r  70-day 
hypokinesia: A, 
c o n t r o l ;  B, us ing  
medic ina l  agen t s ;  1, 
p u l s e  r a t e ;  2 ,  p u l s e  
p ressure ;  3, s y s t o l i c  
volume of blood. The 
i n d i c e s  a r e  expressed 
by t h e  r a t i o  of t h e  
r e a c t i o n  b c f o r e  hypo- 
k i n e s i a  t o  t h e  r e a c t i o n  
a f t e r  hypokinesia  ( i n % )  
(from I. D. Pestov,  e t  
a l . ,  1969) 

-..- - - 

pharmacological agen t s  was d i s c l o s e d  
(Table 76) . 

The a n a l y s i s  of t h e  r e s u l t i n g  
m a t e r i a l s  i s  convincing evidence  t h a t  
use  of  a set of medic ina l  a g e n t s  almost  
completely ensured p r e s e r v a t i o n  o f  t h e  
g e n e r a l  t o l e r a n c e  o f  g- forces ,  compared 
w i t h  t h e  i n i t i a l  i n d i c e s  (A. R. Kotovskaya 
et a l . ,  1969).  The h i g h e r  t o l e r a n c e  of 
o r t h o s t a s i s  and g-forces  o f  persons  
t a k i n g  t h i s  set of medic ina l  a g e n t s  
e v i d e n t l y  is  expla ined by t h e i r  f a v o r a b l e  
e f f e c t ,  p r i m a r i l y  on d i f f e r e n t  l i n k s  of 
r e f l e x  r e g u l a t i o n  o f  t h e  c a r d i o v a s c u l a r  
system. Moreover, t h e  f a c t  t h a t  t h e  use  
of  t h e  pharmacological a g e n t s  i n  t h r e e  
c y c l e s  o f  f o u r  days each f o r  t h e  dura- 
t i o n  of  70-day hypodynamia, t o  a consid- 
e r a b l e  e x t e n t ,  prevented dec rease  i n  
mass of t h e  c i r c u l a t i n g  blood,  t h e  minute 
volume, h e a r t  volume and blood c y c l i n g  
t i m e  should be no t i ced .  Consequently,  
t h e  i n i t i a l  f u n c t i o n a l  s t a t e  o f  persons  
i n  t h i s  group, according t o  t h e  i n d i c e s  
enumerated, was more favorab le  b e f o r e  
conduct of t h e  o r t h o s t a t i c  tests o r  t h e  
a c t i o n  of g-forces.  I t  is n o t  excluded 

TABLE 76 

EFFECT OF PHARMACOLOGICAL AGENTS ( p h e n ~ ~ i n e  + c a f f e i n  + 
s e c u r i n i n e )  ON TOLERANCE OF ACCELERATIONS AFTER 70-DAY 
BED REST (maximum t o l e r a n c e s ,  A .  R. Kotovskiy, 1970) 

Conventional symbols: t h e  is t h e  r e 3 a t i v e  bradycardia ;  
heavy f i g u r e s ,  "black shroud"; under l ined  f i g u r e s  "gray 
shroud. " 
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that the increase in tolerance of these functf-onal loads also is /292 
explained, to a certain extent by an incrcase in resistance of the 
body to hypoxia, which has an important part in the mechanism of the 
disorders in orthostasis and accelerations. 

As is well known, in study of the effect of space flight on 
the electrolyte balance, a considerable decrease in total potassium 
content in the body was established (Berry, 19711, which has an 
important part in the function of the myocardium. A comparison of 
the nature of the disturbances of cardiac ac~ivity with change in 
potassium content has led American specialists to recommend the use 
of potassium preparations in flight. According to an estimate of 
Berry, this measure proved to be quite effective in the Apollo 16 
and Apollo 17 flights. 

Thus, the materials presented above indicate the promise of the 
search for pharnacological agents for maintaining normal water-salt, 
protein and other types of metabolism, disturbances in hypcdynamia 
and weightlessness, and increasing the tolerance of the body, 
especially the cardiovascular system, of functional loads (orthostasis, 
accelerations), connected with the g-forces of the descent to earth 
and the action of terrestrial gravitation. 

One of the main links in the genesis of disorders developing jn 
weightlessness, as is evident from Diagram 9, is a decrease in I 

gravitational load on the support- motor apparatus. Analysis of 
existing materials shows that loss of a load on the skeletomuscular 
system causes a whole range of changes, beginning with scarcely 
noticeable deviations in enzyme system activity to severe muscular 
atrophy. The most significant shifts are the reduction in weight an? 
slowing of growth, atrophic and dystrophic changes in the striated 
muscles, redistribution of the blood, change in the function of the 
cardiovascular system, dyskinesia of the intestines, change in tissue 
respiration and total respiratory metabolism rates, disruption of 
oxidative processes (decrease in phosphorylation level and interruption 
of oxidative phosphorylation), disruption of mineral and protein 
metabolisnl and suppression of antibody formation. Moreover, the 
functional state of the requlartory systems of the body, the ~entral 
nervous system and the endocrine, changes distinctly; in prolonged 
hypodynamia, depletion of the hypothalamus-hypophysis-adrenal 
system is observed, and inhibition develops in the nervous system. 
These changes lead to disruption of the dynamic and static per- 
formance capability, to disruption of coordination of motor acts and 
to decrease in tolerance of accelerations and resistance to infec- 
tious diseases (P. V. Vasil'ev, 1968; McCally, 1968; Berry, 1971, 
and others). 

It is completely obvious that motor activity approaching normal 
activity ofan"earthW man in amount, involving the muscle groups and 
power loads, is a radical aethod of preventing these disruptions. 



Both domestic (V. V. Bazhenov, V. I. Chudinov, 1965; A.  V. Yeremin, 
et al., 1969; V. I. Stepantsov, et al., 1972, and others) and 
foreign investigators (Graveline, 1962; Branncn, et al., 1963; 
~uller, 1963; Cooper, et al., 1966; Treibwasser, et al., 1970, and 
others) are developing various means and methods of physical training 
of astronauts, suitable fc.r Y.-.e in spacecraft. A special section 
of this book is devoted to tills question. It should only be noted 
that, of the numerous proposals for physical training, the CPT 
(complex physical trainer, see next section) physical trainer, /293 
developed by a group of authors (V. I. Stepantsov, et al., 1972), 
which allows performance of isometric and dynainic exercises of varying 
amounts and rates, accustomed locomotor acts (walking, running), 
inertial-impact actions on the l~ngitudinal axis of the body (springs 
and warking of the antigravity musculature, merits the greatest 
attention. The average energy "costs" of physical training in the 
CPT, with a force of attraction to the "treadmill" kimulation of 
weight load) cf 50 kg, is 300-350 kcal. 

Group 1 Group 2 Group 3 

Fig. 79. Maximm g-force 
tolerance after hypokinesia 
(average data) : grobp 1- 
hypakinesia; group 2 
hypokinesia-stimulators; 
group 3 hypokinesia + 
physical training; 1, 
initial data base; 2, on 
1st day; 3, on 17th day; 
4 ,  on 23rd-32nd days; 
5 ,  on 62nd day of hypo- 
kinesia 

The results of studies conductez In 
various institutions under prolonged 
bed rest conditions, show that purpcseful 
physical t.raining in a prone position 
increased physical perfor~~ance capacity, 
decreased the reaction of the cardio- 
vascular system to an orthostatic load, 
increased resistdnce to acce1era:ions 
(Fig. 7 3 ) ,  and improved the condition 
of the kinematic and dynamic character- 
istics cf accustomed locomotor acts 
(V. S. Gurfinkel', et al., 1969; V. G. 
Skrypfuik, 1969). A CPT trainer was 
installed in the Salyut craft. As is 
known from radio traffic, the astronauts 
willingly exercised on the trainer, 
tested the requirements for increase in 
training time on it and evaluated it 
highly overall. In connection with this, 
there is every basis for thinking that 
CPT, perhaps with individual modifications, 
is one of the means of prophylaxis of 
the unfavorable effects of weightless- 
ness. 

A nwber of domestic and foreign investigators are giving much 
attention to development of a special bicycle ergometer, suitable for 
installation in a spacecraft. Various designs of it, frequently with 
a sex which should provide a favorable emotional charge (television 
acci>mpaniment with images of countrysides on earth). The device 
developed by the Lockheed Missiles and Space C~mpany is interesting; 
it consists of a combined bicycle ergometer and vacuum conteiner for 
the lower half of the body. It can be admitted that such a gymnastic 



F a p ~ a r a t u s  f o r  t r a i n i n g  under w e i g h t l e s s  c o n d i t i o n s  i s  very  promising. 
A s  is w e l l  known, b i c y c l e  ergometers  permit  a s s i g n i n g  a s t r i c t l y  
measured energy consumption; they  a r e  compact and convenient  i n  
opera t ion .  The most s i g n i f i c a n t  shortcoming is  a c e r t a i n  u n i l a t e r a l  
n a t u r e  of t h e  load  on t h e  skeletomuscular  appara tus .  A hydro- 
s t a t i c  l o a d  cannot  be reproduced w i t h  them ( t h e r e  is  no i rnpac t - ine r t i a l  
e f f e c t ) ,  and it is  d i f f i c u l t  t o  s u s t a i n  n a t u r a l  locomotor a c t s .  
Moreover, t h e  l a t t e r  is  e s p e c i a l l y  impor tant ,  i n  t h e  cEtse of l and ing  
a f t e r  long f l i g h t s ,  i n  unplanned reg ions  i n  emergency sit.uati.ons. 

To reproduce a x i a l  p h y s i c a i  loads  on t h e  b a s i c  muscle groups /294 
and s k e l e t o n ,  a  number of models has  been developed, which a r e  very  
c l o s e  i n  des ign  t o  loading s u i t s .  The major i ty  of  them has demon- 
s t r a t e d  q u i t e  high e f f e c t i v e n e s s  i n  l a b o r a t o r y  tests. Two models 
of s u i t s ,  developed by S o v i e t  a u t h o r s ,  were t e s t e d  and rece ived  a 
good e v a l u a t i o n  from t h e  a s t r o n a u t s ,  dur ing  t h e  long f l i g h t  of t h e  
Sa lyu t  o r b i t a l  s t a t i o n .  Design improvementsof these  s u i t s  a r e b e i n g  
made a t  t h e  p r e s e n t  t i m e ,  f ~ r  t h e  purpose of s e l e c t i n g  l o c a t i o n s  of 
the  rubber  t e n s i o n  shock absorbers ,  which is t h e  optimum i n  loading 
c h a r a c t e r i s t i c s .  

For e x e r c i s i n g  muscle systems, a  method of e l e c t r i c a l  s t i m u l a t i o n  
of  t h e  muscles and vibromassage a r e  be ing developed. 

Mult ichannel  b i o e l e c t r i c a l  s t imula t io t .  o f  t h e  neuromuscular 
system of nar. al lows p r o g r m ~ l i i ~ g  of coordinated  involvement of  v a r i o u s  : 
muscles i n  work, s imula t ing  v a r i o u s  c o n d i t i o n s  of human p h y s i c a l  4 

t r a i n i n g .  K i t h  a p p r o p r i a t e  s e l e c t i o n  of q u a n t i t i e s ,  f r equenc ies  and 
shapes of t h e  e l e c t r i c a l  s i g n a l s ,  unpleasant  s e n s a t i o n s  can be 
avoided and t h e  s t r u c t u r e  of x ~ u s c l e  c o n t r a c t i o n s ,  observed i n  n a t u r a l  
motor a c t s ,  can be  c l o s e l y  approximated. I n  t h i s  c a s e ,  t h e  h e a r t  
r a t e  i n c r e a s e s ,  t h e  blood p r e s s u r e  i n c r e a s e s ,  energy exchange i s  
i n t e n s i f i e d ,  and t h e  volune of  muscle mass and s t r e n g t h  i n d i c e s  
i n c r e a s e .  Systematic  e1ectr ic:al  s t i m u l a t i o n  i n  hypokinesia l e a d s  t o  
an i n c r e a s e  i n  o r t h o s t a t i c  t o l e r a n c e ,  phys ica l  performance c a p a b i l i t y  
and t h e  f u n c t i o n a l  c a p a c i t i e s  of t h e  ca rd iovescu la r  system (B. B. 
Yegorov, et a l . ,  1969; I. S. Balakhovskiy, e t  a l . ,  1972, and o t h e r s ) .  

Considera t ion  of  t h e  p o s s i b i l i t y  of use  of  an a c t i v e  s y n t h e t i c  
gaseous environment,  t o  prevent  decondi t ioning o f  a  number of 
phys io log ica l  systems of t h e  body, due t o  t h e  e f f e c t  of a  prolonged 
s t a y  i n  we igh t l e s sness  and h y p ~ k i n e s i a ,  have been expressed i n  a  
number of works (A. M. Genin, 1354; A .  M. Genin, Y e .  Ya. Shepelev, 
1964; 2 .  I. V a s i l ' e v ,  N. N. Uglova, 1967; Lamb, 1965).  Ac tua l ly ,  
a s  t e s t s  on a n i m a l s  and s t u d i e s  wi th  hunan p a r t i c i p a t i o n  i n d i c a t e ,  
purposeful  change i n  t h e  gaseous atmosphere can be an e f f e c t i v e  
method of prophylaxis  of t h e  development of a number o f  manifesta-  
t i o n s  of t h e  hypodynamic syndrome and of t h e  ur.favorable e f f e c t  of  
weight lessness .  Thus, P. V. V a s i l ' e v  and c o l l e a g a e s  (1971a, 1971b) 
determined t h a t  cond i t ion ing  of animals and men i n  hypokinesia  t o  
i n c r e a s i n g  hypoxia i n c r e a s e s t h e  t o l e r a n c e  of  a c c e l e r a t i o c s a n d a c u t e  
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f 
oxygen starvation. This evidently is explained by their retention 
at a high level of the adaptation capabilities of thn functional 

I systems of the body (respiratory, cardiovascular svettern, blood, 
etc.) functions, responsible for oxygen transport ..,. the tissues. 
In this citse, we demonstrated, in tests on rats, that a periodically 
created @ ygen deficit (405 rrm Hg) in an artificial Yaseous atmos- 
phere decreases the unfavorable effects of hypokinesla on calcium 
metabolism in the bones (Fig. 80) and the function of the gastro- 
intestinal tract. Lynch and colleagues (1967) noted a positive, 
favorable effect of a rarefied atmosphere on calcium, phosphorus, 
nitrogen, sodium, potassium and chlorine metabolism in people in 
bed for a lorig time. However, in the studies of V. V. Portugalov 
and colleagues (1972), according to the cytochemical indices of 
muscle tissue of hypodynamic rats, conditioning by means of fractional 
hypoxic hypoxia was not successful. If these facts are confirmed 
in subsequent work, it will be necessary to conclude that the /295 
favorable effect of hypoxic con2itioning appears nonuniformly in 
different functional systems of the bcdy. 

Consequently, the results of these 
operations indicate the necessity for further 
development of this area of work, for the 
purpose of determination of the optimum 
composition of the gaseous environment and 
conditions of its employment under iikual 
flight conditions. 

;-.K--.:I I 1 1  l r ; : ~  
Considerable difficulties developed in 

an effort to develop means of prevention of 
Fig. 80. Effect of the disoxders caused by removal of adequate 
hy~axia on 4 5 ~ a  stimali of the gravirecptors. It is known 
con$-ct in tibia of that even partial de3fferentation causes 
rats (in % of control disturbances of spatial orientation, coordina- 
groap): 1, biologi- tion of movements, etc. Cutting off the 
cal control; 2, function of such receptor fieldoas the oto- 
hypokinesia; 3, lith part of the vestibular apparatus, large 

, hypoxia; 4, hypo- skin surface, proprioceptive sensitivity of 
kinesia-hypoxia. the skeletal mu~cular system and receptor 

zones of the internal organs all lead to 
development of a complicated symptom complex, characterized by 
disruptions of motor sensitivity and the vegetative sphere (V. V. 
Baranovskiy, et al., 1962). Eecause of these disruptions, the 
performance capacity of a man can decrease and the fulfillment of 
tha flight program can be significantly disrupted. Prophylaxis of 
sensory deprivation and the entire range of disorders caused by this 
can be reliably provided, as was pointed out above, only by creation 
of arb artificial gravitational field. However, to prevent indi- 
vidual disorders caused by disruption of the interrelationships in 
the analyzer systems, ill particular, to eliminate motionsickness 
symptoms, pharmacoloyical agents are being developed. Accorling to 
ground experiment data, considerable success has been achieved in 
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, this area by both domestic and foreign investigators. A significant 
i i ccntribution to working out this problem was made by ~raybiel (1968), 
1 who conducted tests of a large number af pharmacological pre~arations 
i 
i (Fig. 81). It was shown here that complexes (formulas) consisting 

of sympathomimetics and parasympatholytics (scopolamine + amphetamine) 
are the most effective. There are a number of other prescriptions 

, for elimination of ~motionsicknesstl symptoms, which have a better 
prophylactic effect in laboratory studies (P. V. Vasil'ev, 1971). 

i 
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Fig. 81. Effect of pharmacological agents cn tolerance 
of Coriolois acceleration by vestibuiar apparatus (from 
da;a of Graybiel, 1960): 1, phenoxybenzamine, 20 mg; 2, 
meprobamate, 400 mg; 3, triethylperazine, 10 mg; 4, tri- 
ethylperazine, 30 mg; 5, trimethylbenzanid, 250 m! ; 6, 
trimethylbenzamid, 750 mg; 7,  chlorpromazine, 25 mg; 8, 
prochlorperazine, 5 mg; 9, prochlorperazine, If mg; 10. 
EXSP-943, 10 mg; 11, EKSP-999, 25 mg; 12, meclizine, 50 mg; 
13.meclizine, 50 mg + amphetamine, 10 mg; 14, meclizine, 
150 mg; 15, cinnaxazine, 150 mg; 16, cyclizine, 50 mg; 
17, ephedrine, 50 mg; 18, amphetamine, 10 mg; 19, ampneta- 
ntine, 20 mg; 20, dimenhydrinate, 50 mg; 21, diphenidol, 
50 mg; 22, promethazine, 25 ms; 23, ~ ~ o p o l ~ i n e ,  0.6 mg; 
24, scopolamine, 1.2 mg; 25, scopolamine, 0.6 mg + ephedrine, 
50 ml; 26, scopolamine + amphetamine, 25 mq; 2'1, scopola- 
mine, 0.6 mg + a,nphetamine, 10 mg; 28, scopolmine, 1.2 mg 
+ amphetamine, 20 mg. 



A number of unfavcrabie reactions of the vegetative and psychic 
spheres during motio~~sickness, in all likelihood, can also be 
eliminated by prescription of medicinal preparations from the broad 
group of psychotro~ic agents. Hcwever, these problems require the 
conduct of special studies. 

Undoubtedly, physical training, decompression of the lower part 
of the body and other methods spoken of above have a favorable effect 
with respect to these disorders. 

A number of general measures, directed towards creation of 
an optimum hygienic environment and microclimate, building up a 
favorable schedule of work and rest, c~mplete satisfaction of the 
requirements of the body for high-quality, high-calorie food and 1297 
water, creation of the necessary conditions for & favorable emotional 
background, undoubtedly all will prevent or alleviate development of 
asthenization, fatigue and t.he specific symptozatics connected with 
the effect of weightlessness. 

Attention should now be given to the necessity for deeper study 
of the peculiarities of the clinical-physiological course of the 
readsptation perxod and acceleration of development of neans, which 
promote recovery of the function of physiological systems to the 
initial level after landing and to increasing the perforn~ance 
capacity of the astronauts. This question can be particularly acute 
in the first hours and days after landing, when a reduction in 
tolerance of orthostatic loads is observed. To prevent unfavorable 
reactions and to increase resistance of the body to terrestrial 
gravitation, a number of methods have been proposed. The question 
is di~-ussed inthe literature, of the possibility of use of sub- 
mergence c~f a man in an imLersion medim, the use of g-suits and 
elastic underwear and socks for this purpose. The taking of tonic 
phanrLacological agents before landing on earth may be fully sub- 
stantiated. 

According to the data of Miller and colleagues (1964, 19651, 
owing to use of the g-suit (chamber pressure 60 mm Hg) before the 
orthostatic test following prolonged kypokinesia decreased the 
frequency of loss of consciousness, and it decreased the stress of 
the cardiovascular system (k'ig. 82) anc! respiration. Similar results 
have been obtained by A. M. Genin and I. D. Pestov (1972), who 
observed appreciable returc to normal of the cardiovascular system 
during crthostatic loading, in water immersion studies, in subjects 
wearing g-suits. According to the data of the authors, g-suit 
chamber pressures from 35 to 50 rnrn Hg proved to be the most highly 
preferred. At this pressure, a man cai perform a number of jobs for 
2 period of many hour.*. Under somewhat different experimental 
conditions, a f-3vor.qt effect of the g-suit was observec? by 
FiLcescu (1969). 



4 McCally and colleagues (1968) 
> a I note that the use of elastic under- 

wear, put on immediately before 
2 - orthostasis on the inclined table - 1 1  after 8-hour immersion, turned out 
Y 1 :  . ! 2 . ! ,  - ! - !  i i  

i 
, , P I\/ to be the most effective of all - d . . i : -  !-, i, :; - -  methods tested by them (occlusion - -  - 

Q) .J - ,  - cuffs, :::UP, immersion in cold water, 
3 injection of antidiuretic hormone) 
PC the mechanism of action of these 

A B  C D E F mearc consists of limitatior. of 
I 

L . deposition of blood in the vessels 
;~ ;1  cf the lower limbs and abdomen, 
" 1  . . A  while in the vertical posture. 

Fig. 82. Pulse rate in ortho- Thus, purposeful studies are 
static test of sub4ects (A, being carried out, both in our 
B . F) before 6) and after country and abroad, to find means 
hypokinesia: without using g- and methods of prophylaxis of the 
suit (2) and using g-suit (3) unfavorable effects of a long stay 
(from material of Miller, et in weightlessness. A number of 
a;., 1965) effective measures have been. de- 

veloped in model experiments, which 
permit support of the basic biochemical anC ~hysiological indices at 
a level close to normal, preservation of orthostatic tolerance, 
physical and mental performance capacity and resistance to g-forces. 
Cf course, combination of various prophylactic means in a single 
protective set is important, since each of then separately creates 
only partial effects and does not provide a harmonic conditioning 
effect. 

The effectiveness of the proposed measxres, their convenience 
of use in a spacecraft, simplicity in use, the necessary time, energy 
consunption, size-weight characteristics, etc., must all be 
evaluated under actual flight conditions. Of course, the spscific / 2 9 8  
tasks of the flight, its duracion, crew composition, tactical-technical 
dataofthe flight vehicle, etc., will bc taken into consideration here. 
However, the basic characteristic, which undoubtedly will determine 
the selection ofprophylactic means and methods will be preservation 
of health and performance capacity of the astronauts, both duri~g the 
flight and after landing on the earth or another planet. 

Having examined the basic areas in the search for means and 
methods of prevecting the unfavorable effects of a stay ir. weightless- 
ness, unfortunately, we cannot confidently answer the question of the 
conditioning and prophylaxis means it is most reasonable to use, with 
what duration and with what changes in the body, should these means 
be used at the very start of flights lasting several weeks or a month, 
thereby preventing adaptation of the body to its new living condi- 
tions or is it more advisable to include then in the preparation for 
return to earth, etc. 



These questions become particularly acute in landing on planets, 
with a different (less or greater) gravitational field than the 
field qf earth. :3owever, answering them is the task of future 
experimental studies and future flights. 

3. Means and Methods of Physical N75 7 3 1 2 8  
Conditioning of Man in Long Space Fli2hts 

The successful progress of astronautics is developing pros- 
pects for increasing the distance and duration of space flights. 
However, as follows from numerous works and the preceding sections 
of this book, even the relatively short orbital flights of recent 
years have shown that a stay of man in weightlessness can cause cer- 
tain changes in the condition of the body, in particular, in the 
functional state of the locomotor and cardiovascular systems. 

In numerous experiments simulating prolonged weightlessness 
(hypodynarnia, immersion media), it has been determined that these 
conditions unfavorably affect the condition of the body of a healthy 
man. In this case, the overall and physical performance ca?acity 
is significantly disrupted, orthostatic tolerance decreases, co- 
ordination of accustomed locomotor acts is sharply disrupted, right 
up to partial or complete loss of the ability to move independently, 
the quantity of circulating blood decreases, atrophy of the skeletal 
muscles.(especially of the lower half of the body) and demineraliza- 
tion of bone tissue take place, etc. 

P 

True, all these changes, expressed to a lesser extent, have 
been observed after space flights. This demonstrates the adzquacy 
of simulation of the basic effects of weightlessness under ground 
conditions. Many authors, not without groun3s, consider one of the 
basic causes of the development of functional disorders to be 
restriction of muscle activity (A. Korobkov, 1968; Miller, Johnson, 
Lamb, 1964, and others). Therefore, precisely for the purpose of 
prophyiaxis of hypodynamic changes of spacxraft crews, various sets 
of physical exercises are proposed (Gravel ?, Barnard, 1961; /299 
Graybiel, Clark, 1961; Lawton, 1962, and c .rs). 

It has been demonstrated that, to retain muscle strength, a 
brief (5-7 sec), n~aximum tension of the nuscles once a day is suf- 
ficient (~Gller, 1962; Dietlein, 1964). However, this type of 
exercise did not prevent other changes, in particular, reduction in 
orthostatic tolerance (Graveline, 1962). The combination of iao- 
metric stresses with dynamic exercises and with cyclic work on the 
bicycle ergo~ieter, under conditions of prolonged bed rest, resulted 
in preservation of nearly all the basic physical qualities of a man, 
at a level close to the initial one. However, in these cases, after 
ending the experiment, sharp disruptions.of orthostatic tolerance 
and walking disorders were observed (V. V. Bazhanov, V. I. Chudinov, 
1965; A. V. Yeremin, et aP., i969, 1970; Birkhead, 1964; Triebwasser, 
Lancaster, 1971, and others). 



On the basis of the results of analysis of data in the literature 
and of our experiments, the suggestion can be introduced that, to 
preserve orthostatic tolerance after a long stay in actual or 
simulated weightlessness, special actions on the vessels of the lower 
half of the body, reproducing the blood pressure on the walls of the 
vessels, are necessary. Under ncrmal conditions, preservation of 
the normal vascular reaction is provided principally by rnzans of 
a combination of hydrostatic and hydrodynamic blood pressure. The 
hydrostatic pressure is created in the vertical body position, on 
the principle of the pressure of a column of fluid on the walls of 
the vessels. However, it along still does not guarantee a normal 
reaction of the vascular system. More than that, a prolonged static 
action can cause temporary weakening of the pressor reactions (for 
example, the so-called fainting for show). In our opinion, hydro- 
dynamic pressure, created by locomotor acts (walking, running;, 
by means of inertial movement of blood, acting according to the 
principle cf hydrodynamic "hammers," plays a significant role in 
regulation of vascular tonus. The fact is that in locomotion, by 
means of the reciprocating motions in the vertical plane, the human 
body (its solid and liquid media) experience inertial impact actions, 
the vector of which always is directed along the longitudinal axis 
of the body from the head to the feet, ?.he daily quantity of 
such loads, even for a man living in a relatively imnobile life 
style, is 20-24 thousand cycles per day, which corresponds to 10-12 
thousand steps. 

From the point of view of this hypothesis, the causes of the 
insufficient effectiveness of physical exercises proposed by various 
authors, for use in actual or simulated weightlessness, become 
understandable. These exercises have been mainly directed toward 
preservation of muscle strength and overall endurance, and they have 
included static tension, exercises with an expander and cycliczl 
work of the pedalling type- Of course, they did not reproduce the 
hydrodynamic component of Llood pressure on the vessel walls, the 
inertial-impact loads experienced by the support-motor apparatus, 
and they did not promote preservation of orthostatic tolerance and 
coordination of movement in locomotion. In other words, this means 
that the human body, under conditions of prolonged weightlessness or 
simulation of it, must receive a definite minimum of dynamic and 
kinematic loads, corresponding to those which cccx under qround 
conditions. 

Based on the theoretical consideraticns ctated, we have /300 
developed a basic system of physical exercises for conditions of 
prolonged weightlessness, and we have created means of physical 
conditioning, which could provide for performance of physical exer- 
cises by spacecraft crews, for solution of the following problems: 

-- creation of favorable emotions and improvenent of performance 
capacity during a space flight; 



-- prophylaxis of muscular atrophy, especially of the anti- 
gravitation musculature, and demineralization of bone tissue; 

-- preservation of muscle strength and the power and general 
endurance of the body; 

-- returning the reactions of the cardiovascular system to 
normal ic the orthostatic body position and preserving the capacity 
for accomplishing natural loconotion (walking, running) after return 
to earth. 

The set of physical conditioning means provided for performance 
of varying amounts and intensities of exercises of an isometric and 
dynamic nature, for practically all muscle groups; accustomed motor 
acts (walking, running) ; inertial- impact aetf.ons aloag the longi- 
tudinal axis of the body, by means of reciprocating movements in 
jumping, running, walking and squatting; static work of the anti- 
gravity musculature, dynamically adequate to the loac, which this 
musculature experiences in retaining the vertical posture under 
ground conditions. 

The neans developed for /301 
I these purposes were subsequently 

combined in an onboard conplex 
trainer for physical training, CPT 
(Fig. 83), which included: 1: C 

running path(treadmil1) with electric 
drive; 2) gravity system; 3) 
conditioning-loading'suit (CLS); 
4) special footwear; 5 )  movable 
crossbar; 6) set of nultilink 
expanders. 

The treadmill permits assigning 
a forced running rate, at a speed 
of 10 km/hour. By switching off 
the electric drive, one can walk or 
run on it, resting on the handrails 
or elements of the gravity system. 

4 In performing jumps in place and 
-:q various exercises, including those 

j with expar.ders, the "runnj-ng path" 
I is locked. 

The gravity system, in the form 
of elastic cords and the 
conditioning-loading suit, permits 

Fig. 83. CPT unit in pseudo-. a load to be provided along the 
gravity test stand for training longitudinal axis, similar to the 
in horizontal position. body weight and a "support effect" 



to be created, in actual or simulated weightlessness. The force 
of attraction LO the treadmill is regulated over a broad range, from 
0 to 70 kg. 

The conditioning-loading suit 
is lightweight overalls with short 
sleeves and legs (Fig. 84). Rubber 
tapes, the degree of tension of 
which is regulated, are installed 
longitudinally in it, in the trunk 
region. The basic purpose of the 
suit is to provide for connection 
to the treadmill and to distribute 
30% of the simulated weight load, 
created by the gravity system of 
the trainer, over the upper part of 
the body. 

The special footwear (see Fig./302 - 
8 4 )  has reinforced, elastic scles, 
to damp the vibration loads and 
decreace heating of the soles of the 
feet, generated by movements along 
the roller convEyer of the CPT 
treadmill, and half-rings on the 
side, to fasten the foot-loading 
elements of the special, long- 
legged Athlete flightsuit. The 
movable crossbar, secured by 
eccentrics to elements of the 

Fig. 84. Conditioning-loading gravity systen, and the set of 
suit included in CPT trainer expanders allow performance of 
set. various speed-power exercises. 

To use the CPT in l~~boratory experiments, with subject in the 
horizontal position, a so-calle~ pseudogravity stand was developed, 
in the form of a welded truss. A CPT trainer treadmill was fastened 
to it in the vertical position; the subject, suspended by means of 
a system of cables, shock absorbers alld soft support, was drawn to 
it by the gravity systeri (see Fig. 8 3 ) .  

In connection with the fact that any mechanical system of 
simulation of a gravitational load cannot provide ideal distri- 
bution of it over individual parts of the body, studiss were carried 
out, to determine the optimum values of the loads along the longi- 
tucinal axis of the body. In addition, these studies were necessary 
to precisely define the weight and dynamic characteristics cf the 
complex onboard trainer, considering the necessity for a maximum 
decrease of its weight, while retaining the operating qualities of 
the CPT. The stu6ies were carried out under laboratory conditions 



in the vertical position, on the pseudogravity stand, as well as in 
parabolic flights in the laboratory-aircraft. The amounts of the 
loads along the longitudinal axis of the bodies in individual series 
of experiments were: 

a) with subjects in the vertical position: 

-- normal weight (without gravity system), normal gravity; 
-- body weight +20 kg (by means of the CPT gravity system), 

hypergravitation; 

b) on the pseudogravity stand: 

-- "normal weight," simulating the force of attraction equal 
to the natbral weight of the subject; 

-- 50 kg (which is 60-70% of the weight of the "average 
man"), "hypogravitation"; 

-- "hypogravitaticn," simulating one-half and one-sixth of 
earth gravitation, i.e., with a force of attraction of one-half and 
one-sixth of the weight of the subjects); 

c) In laboratory-aircraft flights, the load (by means of the 
pull of the CPT) for the subjects was 50 kg. 

The studies were conducted with 24 volunteer men, 20-35 years 
old participating; 14 of them participated in the ground experiments 
and 10 men in the aircraft flights. 

As should have been expected, in the first tests of work on the 
CPT, even with the subjects in the vertical position and without 
using the gravity system, the kinematic and dynamic characteristics, 
i.e., the biomechanics of locomotion, were somewhat changed. This 
frequently was connected with the limited size of the treadmill (85 cm 
long, 40 cm wide), but, mainly, with the lack of the skills of the 
subjects of walking and running on a moving belt. Similar 
changes were observed while working on the pseudogravity stand and 
in aircraft flight, when the body weight was simulated by the 
pull of the rubber shock absorbers in moments of weightlessness. 
However, these changes were brief. All the subjects easily and 1303 
quickly adapted to moving on the treadnill. In studies under 
conditions of brief weightlessness (flights in the laboratory-aircraft), 
execution of movement was mastered in the first weightlessness cycles. 
Visual observations,as well as detailed biomechanical analysis of the 
motion picture and photographic cyclograrns, shows that, after brief 
training, the kinematic characteristics of walking and running in 
the CPT were practically the same as in moving under normal condi- 
tions on earth. This was true, not only while preserving normal 
weight loads, but while decreasing it by up to 50%. 



TABLE 77 

KINEMATIC INDICES OF WALKING AND RUNNING ON CPT TREADMILL 
UNDER NORMAL CONDITIONS,IN HORIZONTAL POSITION AND IN 
WEIGHTLESSNESS 

I Walkinu 1 ' Rmnina - - . - .- - -- - 

seu+pe$t 
Index ~o-PP$ravx- conch- ation ness 

txons l&bod]6&g 
* 

I 

Rate, steps per m i  
Avg rate of move- 

ment, Wsec 
Len h of double 9t s e p ~  cm 
Duration of single 

support, sec 
Dur tion of double t s ep, sec 
Duration of double 

support, sec 
Duration of air-  

borne interval, 
sec 

Foot reaction 
angles, i g;m~ t t h r p  t 

73 1 7 1  
Veftic 1 swings of gy,ule, ran; 

m'ee 
Ankle 

An 4e be ween Lds, 
#x i .mp0yyard  rus IPS 
(from vertical) 
same, backward 
f m  d .? 8&.9iEk 
verti all 
same, k c b a r d  
minimum knee angl 

tilt 0 
fL%@=o* Verf . , 

Maximum rate of 
2 j ! I  , t J  

Qv-nt of join sec. i 
lon i udinal core- ! I 
pon8nEs : I 

I ! ! knee joint I .?N , I ,  5 1.3:O 2 . W  I .  1 ' I 9:o 
ank l e  , 2.3;s ' ? 325 I 2.875 : 2 . - 3  j 2.890 ! 2.23 

I 
Vertical components ( 

knee joigt 
ankle I 0 &5 , O h25 O -7.5 1.W 8 >-5 0 925 

1.001, 2 ,  . 1 .  I ? 1 J?i 



The kinematic characteristic of walking and running on the 
treadmill under normal conditions and on the pseudogravity stand, 
simulating one-half the body weight (subject N), as well as during 
flights in the laboratory-aircraft (subject S ) ,  are presented in 
Table 77. 

The data obtained indicate that exercises on the jCTP, even with 
a considerable decrease in weight load, do not change the coordination 
mechanisms of locomotion, which are inherent in man under normal 
conditions. This permits it to be recommended as an onboard physical 
training facility. 

In addition, studies have shown that, in simulation of the 
total weight load, unpleasant sensations of strong pressure develop 
in a number of cases and, sometimes, fraying of the skin at the 
locations of the elastic elements of CLS and the CPT gravity system 
connected to it. Thess unfavorable phenomena were successfully 
avoided by decreasing the pull, but, in return, the energy "cost" of 
the load decreased. The most acceptable compromise solution was to 
decrease the simulated weight to 50 kg (60-70% of the natural weight). 
In this case, a 15-20% reduction in energy "cost" of the load was 
compensated by an incrsase in duration and intensity of the physical 
exercises. 

The metabolic and eaergy "costs" of the set of exercises were the 
subject of a special study; knowledge of them is necessary, for 
evaluation of the caloric adequacy of the food ration and calculation 
of the life support system. For this purpose, respiratoxy metabolism 
parameters (oxygen consumption and carbon dioxide discharge) of the 
subjectswere continuously recorded, using the Spirolit; metabolograph, 
during a typical training exercise, for a period of an hour, with 
two different "gravitational loadsR: natural body weight in the 
vertical position and with a 50 kg "gravitationalw load in the hori- 
zontal body position. The data obtained are represented in Table 78 
and in Fig. 85. 

TABLE 78 

ENERGY CONSUMPTlON VS. BODY POSITION AND GRAVITATIOI!AJ, 
LOAD - - -- -.- . .- 

Subject 

Body ~ x y  en consumptioh 
rrt. 1" ? exercise Hsef%xc, 

(pull) 
kg . 

Body 
Position 

B 

N 

Sh 

j ~ f  "tion 
m -  

level 

Xeriicag 
or zon a1 
Vertical 
Horizontal 
ertica 

Zorlzonial 



It follows from Table 78 that, 
02, ml/min in calculations for the "average" 

( ' I . '  
man, weighing 70 kg, the oxygen 

I "  , consumption and energy consumption 
above the rest metabolism level in 
a 2-1/2-hour training exercise 

r7 
, , t i  under norriial earth conditions, was 

I 145 1 of oxygen, or 710 kcal, 
respect2 vely . In the horizontal 
position and with a "pull" to the 

. , plane of the treadmill, ~ i t h  a 

- . - . ~  force of 50 kg, the identical load 
. . , . i . - .  . ! . I ,  ; . ' . . .  , ' .  had an oxygen "cost" of about 120 1, 

Minutes and its energy equivalent was about 
580 koal. In the ~eriod from 1965 

Fig. 85. Dynamlcs of oxygen con- 
sumption in training exercise on 
CPT: 1, vertical pasition, body 
weight 72.4 kg; 2, horizontal 
positioc. 50 kg pull 

to 1971, we conducted numerous 
complex experiments, in which the 
effect on the body of long (from 
30 to 100 days) hypodynamia was 
studied, and various means of 
prophylaxis of the hypodynamic - - 

disorders were approved. Tests 
of the effectiveness of physicsi conditioning resources were carried 
out in five studies, with 30 healthy men, 20-27 years of age 
participating; five experiments served as the control. 

TABLE 79 

CHANGE IN CERTAIN INDICES OF PHYSICAL CONDITION AND 
PERFORMAKCE CAPACITY OF SUBJECTS AFTZR PROLONGED 
HYPODYNAMIA (70-100 days) --- 
Physical  Condit ion Group 

I n d i c a t o r  Control  !with Physical  Exercises  
i 

- 
1 

uqt of ch nge i n  from -2.0 t o  -6.4 from -0.5 t o  -2.6; i n  3 
-%ay w t . ,  t g  I c a s e s ,  from +0.5  t o  +0.8 

Phys ica l  performance d e c l i n e  by 34-918 
cagac i ty  {on b i c y c l  
e r  omet r I 

~ o ~ o k t o r  a c t s  (walk- 
i n g  , runnlng) 

Power endurance 134-801 decrease  I 
0 r t i . o s t a t r c  t o l e r a n c e  

S t a t i c  endurance 124-60% " I 

move and s tand-  
d e c l i n e  t o  c o l l a p s e  

Work e f f i c i e n c y  (by d e c l i n e  
ox gen consumption 
an5 oxygen llcostln 
o f  loa  r;) 

p r a c t i c a l l y  unchanged 

unchanged o r  s l i g h t  re- 
duct ion (improvement 
i n  3 c a s e s )  

Unchan ed o r  i n c r e a s e  up 
to 134% - -  - -  - 

unchan ed o r  increased 
by 3 -100% 

p r a c t i c a l l y  unchanged 



TABLE 80 

CHANGE I N  ABSOLUTE MUSCLE STRENGTH OF SUBJECTS AFTEX 
70- 100-day HYPODYNAMIA (ave rage  d a t a  i n  kilogramfi)  

Foot flexors -- 

I The r e s u l t s  o f  t h e  s t u d y  a r e  conv inc ing  ev idence  t h a t ,  owing 1 3 0 6  
t o  t h e  proposed p h y s i c a l  t r a h i n g  system,  u s i n g  t h e  CPT t r a i n e r ,  

I r a n i f e s t a t i o n s  o f  t h e  hypodynsmia syndrome have been s i g n i f i c a n t l y  
dec reased  and some of them have been a lmos t  comple t e ly  p reven ted .  
Thus, t h e  p h y s i c a l  c o n d i t i o n  o f  s u b j e c t s  per forming  e x e r c i s e s  on t h e  
CPT, i n  d i s t i n c t i o n  from p e r s o n s  i n  t h e  c o n t r o l  group,  i s  p r a c t i c a l l y  
unchanged from t h e  i n i t i a l  s t a t e  (Table  7 9 ) .  More i n d i c a t i v e  was 
t h e  f a c t  t h a t ,  hav ing  t r a i n e d  on t h e  CPT, by t h e  end o f  t h e  e x p e r i -  
ment, t h e y  cou ld  a lmos t  immediately  walk and r u n  normally .  BFo- 
mechanical  s t u d i e s  have n o t  d i s c l o s e d  s i g n i f i c a n t  changes i n  locomotion.  
A t  t h e  same t i m e ,  s u b j e c t s  of t h e  c o n t r o l  g roups ,  depending on t h e  
l e n g t h  of hypodynamia, e i t h e r  could  n o t  o n l y  n o t  walk a t  a l l ,  b u t  
cou ld  n o t  ma in t a in  t h e  v e r t i c a l  p o s i t i o n  ( a f t e r  100 days  of hypo- 
lynamia) ,  o r  movedwith d i f f i c u l t y  w i t h  a l o o s e  walk,  l e a n i n g  on 
su r round ing  o b j e c t s  w i t h  t h e  arms o r  u s ing  t h e  a s s i s t a n c e  o f  o t h e r  
people .  They complained o f  p a i n s  i n  t h e  f e e t ,  c a l v e s ,  t h i g h s  and  
b u t t o c k s .  An outward r e t u r n  t o  normal o f  t h e  walk took p l a c e  c n l y  
by t h e  10th-14th day. G e l i c a t e  biomechanical  i n d i c e s  o f  locomotion 
were r e s t o r e d  o n l y  a f t e r  1 - 1-1/2 months. The s u b j e c t s  cou ld  per -  
'form s ~ c h  e x e r c i s e s  a s  t h e  h a l f - s q u a t  or s q u a t ,  o n l y  on t h e  6 t h  t o  
1 1 t h  clay a f t e r  l e a v i n g  t h e  s t a t e  o f  e x p e r i m e n t a l  hypodynamia. 

A s i g n i f i c a n t  i n d i c a t o r  af t h e  e f f e c t i v e n e s s  o f  p h y s i c a l  exer -  
cises i n  t h e  CPT is  r e t e n t i o n  or  n e g l i g i b l e  r e d u c t i o n  i n  t h e  i n i t i a l  
level o f  o r t h o s t a t i c  t o l e r a n c e ,  wh i l e  t h a t  of peop le  i n  t h e  
c o n t r o l  groups dec reased  zharp ly  and ,  a f t e r  70-103 days  of  hypo- 
dynamia, o r t h o s c a t i c  syncope was observed .  

The change i n  s t r e n g t h  o f  v d r i o u s  muscle g roups ,  e s p e c i a l l y  
t h e  a n t i g r a v i t y  ones ,  is ve ry  c h a r a c t e r i s t i c  (Table  8 0 ) .  The s t r e n g t h  
o f  t h e  s h o u l d e r ,  f o r e a m , ,  h i p ,  c a l f  and  t r u n k  f l e x o r s  change6 
n e g l i g i b l y  and i n  d i f f e r e n t  d i r e c t i o n s ,  e s p e c i a l l y  i n  c o n t r o l  group 



P 
s u b j e c t s .  T h i s  a p p a r e n t l y  was connected w i t h  d i f f e r i n g  degrees  o f  

? muscular a c t i v i t y  i n  performing everyday o p e r a t i o n s  ( e a t i n g ,  r ead ing ,  
t o i l e t ,  e t c . ) .  No d i s t i n c t  r e g u l a r i t i e s  cou ld  b e  no ted  he re .  

r 

i n  a  comparison of  t h e  change i n  a n t i g r a v i t y  muscula ture ,  t h e  
c o n s i d e r a b l e  r e d u c t i o n  of  s t r e n g t h  i n  :he c o n t r o l  group is s t r i k i n g .  
I t  amounted t o  85-90% of t h e  i n i t i a l  v a l u e  i n  some s u b j e c t s  ( f o r  t h e  
f o o t  f l e x o r s ) .  I n  t h e  group of  s u b j e c t s  performing p h y s i c a l  exer-  
cises on t h e  CPT, e i t h e r  a  sma l l  r e d u c t i o n  o r  even an  i n c r e a s e  in/307 
s t r e n g t h  was noted.  

The r e s u l t s  of  f u n c t i o n a l  t e s t s  k i t h  graBed workloads on t h e  
b i c y c l e  ergolileter i n d i c a t e  a  marked f u n c t i o n a l  s t a b i l i t y  o f  s u b j e c t s  
e x e r c i s i n g  on the CPT: t h e  metabolism l e v e l  and t h e  s t r e s s  o f  t h e  
c a r d i o v a s c u l a r  system under l o a d  and i n  t h e  recovery  p e r i o d ,  char -  
a c t e r i s t i c  of  each s u b j e c t  and group o v e r a l l ,  were p r a c t i . c a l l y  un- 
chanqed dur ing  t h e  e n t i r e  experiment  w i t h  hypodynamia. For t h e  
c o n t r o l  group people ,  a f t e r  100 days  of  hypodynamia,the t o t a l  amount 
o f  workload (6600 kgm) proved t o  b e  i n f e a s i b l e .  I n  t h i s  c a s e ,  t h e  
b a s i c  p h y s i o l o g i c a l  i n d i c s s  i n c r e a s e d  c o n s i d e r z b l y ,  which i n d i c a 2 e s  
a  r educ t ion  i n  performance c a p a c i t y  and work e f f i cLency  (Fig .  8 6 ) .  

Everything s t a t e d  above, as w e l l  a s  t h e  emot ional  a t t r a c t i o n  of 
p h y s i c a l  e x e r c i s e s  on t h e  CPT, of which a l l  s u b j e c t s  skoke pe rmi t  
t h i s  t r a i n e r  t o  be recommended f o r  use  aboard a s p a c e c r a f t .  

The set of t r a i n i n g  e x e r c i s e s  developed f o r  use  i n  a space  
f l i g h t  and t e s t e d  i n  model experiments  was compiled on t h e  b a s i s  
of a  c y c l e  of t h r e e  workload days and one day of a c t i v e  r e c r e a t i o n  
( 3  + 1 c y c l e ) .  The e x e r c i s e s  of each o f  t h e  t h r e e  workload days  were 
p r i m a r i l y  d i r e c t e u  toward s o l u t i o n  of s p e c i f i c  problems. 

F i r s t  day: p r e s e r v a t i o n  of  t h e  speed- s t r eng th  q u a l i t y  and 
o r t h o s t a t i c  t o l e r a n c e ;  amount c f  workload s m a l l ,  r a t e  submaximum and 
rnaxlnum, energy " c o s t "  380-420 k c a l .  

I Second day: maintenance of s t r e n g t h  endurance and p r e s e r v a t i o n  
of o r t h o a t a t i c  to l exance ;  antount of  workload medium, r a t e  medium, 
energy " c o s t "  450-500 k c a l .  

Th i rd  day: maintenance of o v e r a l l  endurance of  t h e  body, 
p r e s e r v a t i o n  o f  o r t h o s t a t i c  t o l e r a n c e ,  o v e r a l l  c o o r d i n a t i o n  of  move- 
ment; l a r g e  volume of  work, low i n t e n s i t y ,  energy  "cos t t '  550-580 
kcal.. 

F9ur th  day :  a c t t v e  r e c r e a t i o n ,  performance of f u n c t i o n a l  tests; 
workload low, i n t e n s i t y  es d e s i r e d  by s u b j e c t s ;  energy " c o s t n  about  
150 k c a l .  



It WAS specified that, in flight, 
Pulmonary Ventilatior~ each astronaut would exercise on the 

CPT twice daily for one hoar each and 

.4 
i one time for 30 min (morning gymnastics L \ and evenins walk). The total da i 1 y 

4 
/,/' \ 

workload in the four-dey cycle was 450 

!$ kcal, on the average. 
L+- --; \- 

- .-- -- . / -  r-l r-%gn/ --- Some elements of the physical 
:-- War ". Recovery trainer were first used in prolongeh 

weightlessness, in the 18-dav flight of 
Minutes A. G. Nikolayev and V. I. Sevast'yanov 

Oxygen Consumption in Soyuz 9. The training program 
I 

t I 
specifies performance of physical cer- 

.1 \ cises twice a e.  for 30 min each. 
I,/ ',\ For this, a colLapsible platform and 2 y ;  . 1. shock absorber binGinq system were 

N L!?2 placed in the living section of the 
0 - craft. The astronaut , dressed in the - - - - ', , r k r &  \A.  -~b-, CL 5-1 conditioning-loading suit (Fig. 87) , 

r-- -Gorpn : Recovery attaching the shock absorber binders to 
the latte~, provided himself a scpport 

Minutes with a force of 20 kg and, standing on 
4 Pulse Rate the platform, could walk and run in 

* .  place, perform jumps, squats, tiits, 
exercises with speqial rubber shock 

C, 

-2 i t  /p+4i\i\ absorbers alld coordination exercises. '$ " 

d "  v # a. As should have been expected, the 
.a 4 ,," kl. -- I 

-= -__  physical workload provrf: to be in- . . - - - - ,  .r: t J k g /  sufficient. From the results of 
r --&I# 1. Rerqyeg - functional tests with measured 

physical workloads, performed /308 
Minutes periudically by t h e  astronauts during 

the flight, as well as at the request 
E'ig. 86. Performance capa- of the Soyuz 9 crew members t:~ernselve~, 

city and work efficiency of A .  G. Nikolayev and V. I. Sevast'yansv, 
subjects after 100-day the in-flight physical traini~g program 

dyartmia: a, ccntrol group; was cnanged: the d~ration of each 

b, physically conditioned exercise was incceased to 60 minutes, 

grtrup certain exercises were replaced, the 
duration of performance of the most 

heavily loadeii exercises was increased, etc. :he calculated energy 
"cost" of the training exercises amounted to about 240 kcal per day, 
on the average, in this case, i . e . ,  approx,mately one-fifth of t 3 e  
usual terrestri~l motor activity of a man. Of co~rse, this amount of 
workload could not replace the deficit of terrestxial rn?:r;zle activity 
of the astronauts and preve,lt asthenization of the bo:;;, 



Fig. 87. Sc-7. . 9 spacecraft commander before performing 
physical exercises. 

The results of the preflight examinations of A. G. Nikolayev and 
V. I. Sevast'yanov are reported in the appropriate publications 

. (0. G. Gazenko, P. V. Vasil'ev, 1970; I. F. Chekidra, et al., 1971; .. 
I L. I. Kakurin, et al., 1972; Yu. G. Nefedov, et al., 1972, a others; 

see alsc section 3, Chapter 3 an6 other parts of this book); iirerefore, 
v~k w; lit.it ourselves to mention af the reduction in orthostatic toler- 
b 

ance, decline in physical performance capacity and locomotion bio- 
mechanics. Inadequate loading of the antigravity musculature led to 
atrophy of it: the thigh and calf perimeters decreased by 2-4 cm; 
the muscle strength decreased considerably (Table 81). According 
to the reports of the astronauts, for a period of a week after the 
flight, they felt a gradually disappearing sense of increased 
heaviness of the entire body and individual parts- 

Following special readaptation measures, movement ~oor6ination 
-7as gradually recovered, muscle strength increased, painful sensations 
ic the region of the back, hips and hand gastrocnemius muscles 
disappeared. 

However, even two weeks after the flight, the lc3 muscle mass 
was ;till reduced. Symptoms of asthenization of the body were 
observed 25-30 33ys after the flight. Nevertheless, ?:spite the 
insufficient amount of physical k~rkload and the limited nature of/309 - 
the onboard conditioning facilities, the astronauts evaluated 
physical exerc..es favorably. They noted an improvement in welh- 
being and ~erfvrmance capacity after the exercises. In this lse, 
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TABLE 81 

CERTAIN INDICES OF PHYSICAL CONDITION OF SOYUZ 9 CREW 
MEMBERS 

. Sevast ' yanov 
Physical Condition Index 

I r 

. Body weight, kg I <T .O  1 1i3 o L-1.; 
Perimeters. an: 

!!!; . h n,. - 
right arm - , ,  ? I ; . <  

" thi h 
4 I :ir.cl 

c a d  .i{. 1 
Hand dynamomet~y 
ri ht 
le?t 1;o , : IOi) ; 12-1 

Central force, kg 
Static endurwce , half- 
squat exercise, sec $0 I ?.i I 1 42 

I 
Pulse reactlon to 2- 

i 25 ( 'J j I ] ! ;  r~ m i  u e ste 
ref aLve &itESt , I I 

it was considered that the pulling force must be at least d-ubled 
and the exercisetime increased. 

- T ' = s ~ 5 ? . ~ : ~ - ~ q  q& Considering the results of /310 
r 4 the 18-day flight of Soyuz 9, the- &??$ $ ::, 7 recornendations of the astronauts 

and, also, the results of the nany- 
day sxperimcnts conducted up '3 this 
time, using metns of prophylaxis of 
hypodynqmic disorders, the physical 
training set for the S8lyut space 
station was expanded. The CPT 
multiple trainer was installed aboard 
the station, for performing physical 
exercises under actual flight con- 
ditions. The binding systm pro- 
vided a total pull to the treadmill 
path of 50 kg. It was planned that 
the astronauts would perform p?ysical 
exercises on the ~rainer to the full 
extent, with the exception of tte 
first 3-5 days of the flight (adapta- 
tion period), when a Ce;-rease in 
workload to 508  was permitted. 
Moreover, for more complete compen- 
sation of the deficit of accustomed 
terrestrial activity of the anti- 
gravitation musculature, the most 

Fig. 88.  Long-legged Athlete "unloaded" in weightlessness, and 
conditioning loading suit to create axial loads on the skeleton, 

the use of the Athlete conditioning- 



loading s u i t  by each crew member was s p e c i f i e d  (Fig. 88) .  These 
s u i t s  had t o  b e  used i n  p l a c e  of t h e  f l i g h t  c l o t h i n g ,  i n  t h e  
i n t e r v a l s  between t r a i n i n g  s e s s i o n s ,  i .e., dur ing  t h e  hours  02 
occupa t iona l  work. P e r i o d i c  t u r n i n g  on of  t h e  power system of t h e  
s u i t ,  between t h r e e  and s i x  s e s s i o n s  p e r  day, f o r  40-60 min each, 
depending on t h e  c o n d i t i o n s  anti n a t u r e  o f  t h e  occupa t iona l  a c t i v i t y ,  
was p r e s c r i b e d  by s p e c i a l  i n s t r u c t i o n s .  

During tl-2 f l i g h t  of S a l y u t ,  f o r  t e c h n i c a l  r eascns ,  running was 
e l imina ted  fxam t h e  set o r  p h y s i c a l  e x e r c i s e s  performed on t h e  CPT 
t r a i n e r .  I n  t\is connect ion ,  t h e  fol lowing c o r r e c t i o n s  w e r e  made i n  
t h e  p h y s i c a l  t r a i n i n g  program: t h e  r e l e a s e d  t i m e  devoted t o  running,  
as w e l l  a s  t h e  a d d i t i o n a l  30 lttin f o r  each c r e w  m e m b e r  e l imina ted  from 
t h e  o v e r a l l  schedule ,  was used f o r  walking e x e r c i s e s ,  s o  a s  t o  ensure  
a  planned l e v e l  of energy consumption i n  p h y s i c a l  t r a i n i n g .  For t h i s  
purpose, it w a s  recommended t h a t  t h e  brake  of t h e  r u i n i n g  p a t h  be  
engaged twice  p e r  e x e r c i s e ,  f o r  1 rrinute o f  t h e  walklng t i m e .  

Thus, dur ing  t h e  f l i g h t  of S a l y u t ,  t h e  a s t r o n a u t s  were occupied 
w i t h  p h y s i c a l  e x e r c i s e s  t h r e e  t i m e s  a dng (two t i m e s  a t  75 min each 
and one t i m e  a t  30 min) ,  wi th  t h e  except ion  of  t h e  a c t i v e  r e c r e a t i o n  
pe r iods  (every 4 th  day of  t h e  3+1-cycle),  when f u n c t i o n a l  tests 
were conducted wi th  p h y s i c a l  workloads on t h e  CPT t r a i n e r ,  a f t e r  
which t h e  s e l e c t i o n ,  amount and n a t u r e  of t h e  phys ica l  e x e r c i s e s  were 
determined a s  t h e  person e x e r c i s i n g  d e s i r e d .  Mcreover, by r e q u e s t  
of t h e  a s t r o n a u t s ,  they  were permi t ted  t o  use  t h e  A t h l e t e  costume, 
w i t h  t h e  loading systerii "switched on,"  a l l  day long,  wi th  t h e  
except ion  of s l e e p i n g  pe r iods .  The degree o i  t i g h t n e s s  of t h e  
e l a s t i c  loading elements  was r e g u l a t e d  independently by t h e  crew 
memhers. 

Unforeseen s i t u a t i o n s  a r i s i n g  dur ing  f l i g h t  l e d  t o  t h e  s i t u a t i o n  
i n  which t h e  a s t r o n a u t s  sometimes omit ted  p h y s i c a l  t r a i n i n g ,  replac-  
i n g  them t o  t h e  f u l l  e x t e n t .  The sequence of  e x e r c i s e ,  worked o u t  
by day of t h e  3+1 t r a i n i n g  c y c l e  a l s o  was d i s r u p t e d .  Mo-eover, 
because of breakdown o f  t h e  movable c r o s s b a r  of t h e  t r a i n e r ,  c e r t a i n  
e x e r c i s e s  had t o  be canceled.  

Of course ,  eve ry th ing  s t a t e d  above decreased t h e  e f f e c t i v e n e s s  
of t h e  ~ h y s i c a l  t r a i n i n g  and hampered ana:;sis of t h e  medical 
t e l emet ry  obta ined from onboaxd. However, dur ing  r a d i o  conversa t ions  
and i n  e n t r i e s  i n  t h e  l o g s ,  t h e  S a l y u t  s t a t i o n  crew members favorably  
eva lua ted  both  t h e  e x e r c i s e s  cn t h e  CPT and t h e  conditioning-loadinq/311 
s u i t s .  Understanding t h e  importance of phys ica l  t r a i n i n g ,  t h e  
a s t r o n a u t s  a p p l i e 6  every e f f o r t  t o  f u l f i l l  t h e  p resc r ibed  schedule  of 
p h y s i c a l  workloads a s  much a s  p o s s i b l e .  According t o  t h e  r e p o r t s  of 
t h e  a s t r o n a u t s ,  t h e  p h y s i c a l  e x e r c i s e s  genera ted  p leasan t  f e e l i n g s .  
There weir 10 l i m i t a t i o n s  on performance of t h e  e x e r c i s e s .  Fa t igue  
connected ~ l t h  t h e  p h y s i c a l  workload d i d  no t  accumulate. I t  should 
be noted p a r t i c u l a r l y  t h a t ,  by t h e  end of t h e  f l i g h t ,  t h e  physi.ca1 
e x e r c i s e s  became a need of  t h e  crew. 



TABLE 82 

-GE IN CERTAIN ANTHROPOMETRIC INDICES OF SALYUT ORBITAL 
STATION CREW .MEMBERS 

Perimeters. cm 

Name 

- 
G. T. Dobrovol- i 

skiy 
V. N. Volkov 
y. 1. patsaye" 7l . t i  i 70.'- 

The tragic end of the flight of the Salyut crew significantly 
hsmljered detailed analysis of the effecti~eness of physical training 
in flight, as a means of prophylaxis of disorders caused by the /312 
effect of weightlessness. Hok~ver, a number of physical condition 
indices, change in body weight and limb perimeters in particular 
(Table 82), indicate that the prophylactic means used considerably 
weakened development of the weightlessness and hypodynamia syndrome. 
The weight loss was 2.74, 3.73 and 3.9 kg, i.e., they did not exceed 
the losses observed in other, shorter flights of Soviet and American 
astronauts, as well as of subjects in ground experiments, simulating 
the conditions of prolonged weightlessness (see Table 79). 

As ~hould have been expected, the upper arm perimeter was 
practically unchanged during the entire fl;ght (the measurements were 
made periodically during the flight, by the crew members themselves). 
The thigh perimeter decreased by 1.5-3 cn- and that of the calf, by 
2 cm. 

Altofrether, the resu3.t~ of the Soyuz 9 and Salyut orbital station 
space flights perzit one to speak of the favorable effect of the 
proposed physical exercise system, ap~licable to weightless conditions, 
on the general condition and state of health of the astronauts, as 
well as of the advisability of use of the CPT trainer and the 
conditioning-loading suits as choard physical training resources. 

The recommended sets of physical exercises do not cause over- 
tiring, overtraining or uvpleasant subjective feelings, under pro- 
longed space flight conditions, and, to a considerable extent, they 
prevent developmer,t of the hypodynamia syndrome. Space flight 
experience and the numerous e~periments, with laboratory simulation 
of weightlessness, carried out in the Soviet Union and abroad, have 
created a sound theoretical basis fcr solution of a number of practi- 
cal problems of de~aloprr~ent and introduction of means for reducing the 
ullfavorable effects of prolcnged weightlessness or the human body. 
Materials have been obtained, which are necessary '?r plotting a 



scientific prognosis of the expected aftereffects of a prolonged 
stay of man in the state of weightlessness, the mechanism of for- 
mation of individual disruptions have been studied, and promising 
directions for prophylaxis of these disruptions have been determined. 

The results of medical examination of the Soyuz 9 crew permit 
it to be asserted that the previously made prognoses have been 
confirmed and that, conscquently, such problems of practical importance 
as testing prophylactic means can be successfully solved in laboratory 
models of weightlessness. 

The group of disruptior~s, for which development and use of 
prophylactic measures are particularly necessary, has now been clearly 
defined. 

The disruptions described, as the majority of investigators state 
(A. M. Genin, P. K. Sorokin, 1969; A. V. Korobkov, 1968; A. V. 
Yerelnin, 1969, 1970; V. I. Stepanstov, et al., 1972; Graveline, 
1962; Lamb, et al., 1965, and others), and as they have been described 
in detail in the first section of this chapter, are based on a number 
of pathogenetic mechanisms, the main ones of which are remov2l of 
gravitational loads on the body and the absence of hydrostatic blaod 
pressGre flowing from this and the redistribution of the blood in 
the body connected with the latter, as well as the decrease in energy 
consumption in moving, maintaining posture and other processes 

t The absence of the accustomed amount of inertial-impact. loads/313 - 
along the longitudinal axis of the body and, correspondingly, the 
hydrodynamic component of blood pressure are of great importance. 

Each of thesz mechanisms is a trigger, it entails formatior, of 
a chain of mutually dependent secondary effects, which ultimately 
leads to development of the disruptions, combined under the concept 
of "hypodynamia syndrome." 

The experimental research carried out indicates that shifts, 
predo~ninantly caused by the unfavorable effect on the body of pro- 
longed hypodynamia (decrease in volume and strength of muscles, 
physical performance ca.pacity, orthostatic tolerance, mineral 
saturation of the hones, coordination of movement in locomotion), 
nre quite effectively prevented by use of the principles, means and 
methods of physical training. 

In this respact, the official CPT trainer for physicai exercises 
aboard spacecraft is promising, from the point of view of both 
preservation of the primary qualities of the locomotor system and 
physical performance capacity of the body, and o f  a significant 
decrease in disruption of orthostatic tole~ance, owing to the 
presence of the hydrodynamic component of blood pressure, generated 
in locomotor acts on the CPT (walkinq, running, jurr,ping). 



Methods of prophylaxis of disorders caused predominantly by 
reduction or absence of hydrostiitic blood pressure in weightlessness 
and in experimental stimulation of it (readjustment of the water- 
salt metabolism, relative dehydration, disruption of competence of 
the cardiovascular system with respect to orthostatic loads, etc.), 
also are adequately substantiated. W o  theoretically possible 
approaches to prophylaxis of this type of disorder should be examined 
here: the use of methods of simulation of the effect of hydrcstatic 
blood pressure in flight and decrease in the gravitational redistri- 
bution of blood to the lower part of the body in the postflight period. 

In ~articular, the method of negative pressure in the lower 
region of the body, use of which during experiments with simulation 
of weightlessnesz gave favorable results, is promising (A. M. Genin, 
I. D. Pestov, 1972; Lamb, et al., 1965; McCally, et al., 1966; 
Stevens, et al., 1966, and others). 

A significant decrease in orthostatic disorders after completion 
of such experiments also was achieved by use of g-suits or other 
types of special clothing, producing excess pressure on the lower 
part of the body (I. D. Pestov, et al., 1972; Miller, et al., 1964, F 

1965; Vogt, Gohnson, 1967). 

Thus, the effectiveness of prophylactic measures, in our opinion, 
is determined by their complexity and multiplicity of action on the 
body. i 

In +his case, in prolonged weightlessness, maintenance of the 
fucctional capabilities of various body systems and preservation of 
the conplex integration of physiological mechanisms, Cetermining the 
fine and precise coordination of motor ant2 vegetative functions 
necessary in the activity of man in earth sravity, must be ensured. 

4. Problem of Artificial Gravity from the 
Point of Vied of Experimental Physiology 

N75 23129 
In finding ways and means to provide for preservation of the 1314 

health and adequate performacce capacity of astronauts upor1 their 
return to earth after a long stay in weightlessness, two directions 
are conceivable at the present time: 

-- develo-~ment of a set of methods and means, used immediately 
upon the landing of the astronauts, so as to quite quickly and 
painlessly restore the functioning of their different physiological 
systems to the "earth" level; 

-- development of a set of methods and means, shich must bt> 
used in flight and, thereby, prepare the human body before landi. 3 ,  
for its "earth" level of functioning. 



The methods and means which were spoken of in the preceding 
sections may be included in the latter set. Among the methods of 
prophylaxis of the unfavorable disorders under weightless conditions 
and, therefore, in the period of readaptation LO the gravity of earth 
also are the creaticn of artifial gravity (AFG) in spacecraft and 
orbital stations. 

The idea of use of this method of control of the unfavorable 
effect of weightlessness was first expressed in the scientific 
world by K. E. Tsiolkovskiy. 

In the work Study of UnivzrsaZ Space (1911), he wrote: "Even ii 
it turned out that people cannot live without gravity, it would be 
easy to create it artificially in an environment where it does not 
exist. F G ~  this, the habitation of man, even if a rocket need only 
have rotational motion imparted to it; then, as a consequence of the 
centrifugal forces, an apparent gravity is formed, of the desired 
magnitude, depending on the dimeqsions of the habitation and its 
rotation rate. This gravity is all the more convenient, but it can 
be arbitrarily small or large and can always be annihilated and again 
renewed. " 

Examination of different versions of orbital stations with 9FG 
began only 50 years later, in connection with the flight of Yu. A.  
Gagarin. However, the authors of these plans contemplated creation 
of artificial weight, guided only by technical considerations. 

# 

? 
From the point of view of experimental physiology, two questions 4 

?re of significant value for solution of the AFG problem. First and 
foremost, it must be ascertained what minimum acceleration should be 
use* in space objects, to create relatively effective artificial 
body weight and, second, not only the spacecraft rotaLion rates 
permissible for a man must Se determined, but the possibilities of 
life and activity in long-term rotating systems. 

The latter question involves the nature of development of 
motionsickness under prolonged complex accelerations, a ~ d  it involves 
one of the coxrlplex general problems af the physiology of adaptation 
of the body to stress. 

The first wcrk on the experimental-physiological basis of the 
minimunl effective AFG, necessary for maintenance of nomsl body 
posture and nove~ent coordination, were conducted in 1961, in the 
Soviet Union (Y2 M. Yuganov, P. K. Isakov, et al., 1962). The 
studies were c . ied out w5.th %nirLals The magnitude of the /315 
centripetal fc: ., at which the ~osition and nature of movement of 
the anir.?.ls were zimilar to their normal laboratory behavior, was 
advpted as that, necessary to create the minimum effective AFG. 

€. 

A.1 analysis showed that, in weightlessness, the animals rotated 
at random, in various planes, sometim~s, in two or three simultaneously. 



The rotation rate arfsund the longitudinal axis of the body was C.5- 
1.5 for the rats and 1.0-3.0 turns per second, for the mice. In 
creating AFG, with acceleration from 0.05 to 1.0 g, the nature :i 
the motor activity of the animals changed significantly: correrpond- 
ing to an increase in the magnitude of the accelerations produced, 
the movement approximated the terrestrial type more and more. With 
small acc~lerations, the animals were directed to the wall of the 
apparatus; however, up to 0.08 g for the mice and up to 0.18 g for 
the rats, half-ti~rns around the longitudinal axis of the body were 
still observed now and then. At high accelerations (up to 0.28 g), 
t?le animals rested the limbs on ths surface of the apparatus ah2 
nade attempts to move along the walls; however, the paws slipped, the 
movements were very peculiar and the direction of movement continually 
changed. 

In creating accelerations of over 0.28-0.3 g, the behavior of 
the animals in fliqht was the same as under laboratory coii~itions. 
The animals occupied the "sitting" position characteristic of them 
or moved slowly and quietly. Beyond this limit, their movements 
were smooth and quite coordinated, in all cases. 

Though the mot-or activity of mice and rats in weightlessness 
differed, the magnitude of the accelerations required for complete 
r:covery of coordination of their movements and posture turned out 
to be the sane in both cases. On this basis, an acceleration of 
0.3 g was acknowlcdged to be the minimum effective value, necessary 
for creation of artificial weight. 

The considerations presented were considered to be preliminary. 
They were refirled in subsequent experiments on other anirr.?ls, jn 
which the criterion of the acceleration necessary to create AF'G were 
not only the motor acts, but other indicators, characteristic of 
the condition of the motor system of the body. in particular, in 
experiments (Ye. M. Yuganov, 1967), in which the bio~lectric activity 
of the nuscles was recorded, it lTas found that the f~rst signs of 
increase in it, compared to the activity of muscles in weightlessness, 
developed at a AFG of 0.15 g. Between C.15 and 0.28 g, the bio- 
potentials increased, in parallel with increase in the transverse q- 
forces. The amplitude characteristic of the bioelectric activity jn 
artificial gravity turned out to be equivalent to the value char- 
acteristic of normal earth conditions, with a force of gratity of 
0.28-0.31 g. 

Subsequently, despite the increase in niagnitude of the effective 
9-force to C.6-0.7 y ,  no n~t!~ceable increase in biopotential amplitude 
was found; their values equaied the ?ctual amplitude at 0.28-0.31 g. 

Therefore, on the basis of data on keepinq the electrical 
activity of the skeletal muscles of the animals normal, it also was 
concluded that an acceleration of 0.28-0.31 g can be acknowledged 
as the minimum effective value of the artificial gravity. 



Applied to the activity of man in a space flight, this /316 
position, of course, requires additional proof. The c-ompetence of 
these conclusions was confirmed by the work of American investigators. 
According to their statement, an acceleration of 0.277 g can be 
considered to be an adequate value, aot only for prevention of 
motor disorders in animals, but to bring the motor reactions of man 
to nor~al (Loret, 1963). 

In examining the physiological problems of AFT, we considered 
that the nagnitude of the latter would depend on the singularities 
of the functions and interactions of vario-a analyzer systems, first 
and foremost, the role of the vestibular analyzer in this functional 
system. The assumption of that maintenance of normal motor activity 
at 0.3 g depends primarily on this analyzer and that labyrinthectomy 
leads to an increase in the acceleration required for AFT, appeared 
to be right. For labyrinthectomized animals, the latker could be 
ieterrnined primarily by the reactions of th- neuroreceptor formations 
of the tactile and motoranalyzers to the action of mechanical forces. 

In connections with i\is, studies were carried out on animals 
(mice), with bilateral permanent labyrinthectomy (le. M. Yuganov, 
D. V. Afanas'yev, 1961). The animals were used in the experiment, I 

only in the period of complete compensation of the motor disorders. 
It turned out that, in this case, the mice did not rotate at all in 
the state of weightlessness. They quietly "sailed" in the air in # 
any body position relative to "up" and "down," they preserved some 
similarity of normal posture and did not abrupt movements. 
When they were brought in contact with the walls of the container, 
by the transiently developing very low accelerations in the aircraft, 
the animals even attempted to move; in this case, their movements 
were smooth and coordinated, although the paws slipped on the surface 
of the glass. 

These facts are in agreement with Beckh's data (1954). In his 
tests, labyrinthectomized mice, with compensation of rotor disruptions, 
retained the natural posture and moved about normally over the wall 
of the container, in parabolic aircraft flights with artificial 
gravity, created by a total acceleration of 0.1 g, while 0.3 g was 
required for this, in tests with intact animals. 

This can be explained in the following manner. In permanently 
labyrinthectomized animals, compensation of motor disorder indicates 
creation and reinforcement of a new form of integration of the 
function of the remaining analyzers. The newly formed interactions 
of the afferent systerr.s of the test mice were not significantly 
disordered in weightlessness, since the most sensitive in3icator of 
change in the force of gravity (the otolith apparatus) was absent in 
the new fur,ctional structure. The action of weightlessness on the 
tactile and i;.otor analyzers showed up considerably less ir the 
integral activity; therefore, the magnitude of the acceleration 



s u f f i c i e n t  f o r  r e t e n t i o n  o f  normal p o s t u r e  ant! movement tu rned  o u t ,  
i n  t h i s  case ,  t o  be  one-half o r  one- th i rd  t h a t  i n  experiments  w i t h  
i n t a c t  animals.  

Considering t h i s  f a c t o r ,  w e  can conclude t h a t  t h e  p e c u l i a r i t i e s  
of f w c t i o n  of  t h e  v e s t i b u l a r  ana lyze r  i n  we igh t l e s sness  a r e  n o t  
promoted, b u t  t h e  foxmation and normal iza t ion  of  motor a c t s  a r e  
prevented and an i n c r e a s e  i n  t h e  necessary  AE'G i s  determined. I n  
connect ion with t h i s ,  it cen be  assumed t h a t  t h e  necessary  a r t i f i c i a l  
g r a v i t y  of 0.3 g f o r  i n t c c t  animals  is  determined mainly by /317 
d i s r u p t i o n  of t h e  i n t e r a c t i o n  of t h e  ana lyze r s ,  owiag t o  t h e  unusual  
e f f e c t  o f  we igh t l e s sness  on t h e  v e s t i b u l a r  appara tus .  

Another circumstance confirms t h i s  thought .  The a c t i o n  of  
w e i g h t l e s s n ~ s s  c r e a t e s  a  p i c t u r e  of d i s o r d e r s  c h a r a c t e r i s t i c  of 
e c u t e  d i s r u p t i o n s  o f  v e s t i b u l a r  ana lyze r  f u n c t i c n s .  Disorders  of 
ntotor a c t i v i t y  and p o s t u r a l  r e a c t i o n s  of t h e  animals  do n o t  d i f f e r  
outwardly i n  any way from s i m i l a r  d i s o r d e r s ,  caused by exper imenta l  
c u t t i n g  o f f  of t h e  l a b y r i n t h .  

Thus, s t u d i e s  of domestic and f o r e i g n  a u t h o r s  demonstrate  t h a t ,  
i n  we igh t l e s sness ,  f o r  o r i e -  a t i o n  of  t h e  body i n  space ,  p r e s e r v a t i o n  
of movement coordir iat ion,  i+ , w e l l  a s  f o r  ntaintenance of  t h e  necessary  
l e v e l  of c e r t a i n  phys io log ica l  i n d i c e s ,  t h e  measure of a r t i f i c i a l  
g r a v i t y  i n  space o b j e c t s  of t h e  f u t u r e  may be p r e l i m i n a r i l y  d e t e r -  
mined by t h e  range 0.28-0.31 g, i .e . ,  one- th i rd  of normal e a r t h  
g r a v i t y .  

Crea t ion  of t h i s  range of a r t i f i c i a l  weight iness  i s  p o s s i b l e ,  
w i t h  va r ious  angular  a c c e l e r a t i o n s  of  r o t a t i o n  of t h e  s a t e l l i t e ,  
a s  a  func t ion  of t h e  r a d i u s  of r o t a t i o n .  

A l i m i t e d  amount of work has  been devoted t o  s tudy  of  t h e  
a c t i v i t i e s  and processes  of a d a p t a t i o n  of man, uncler c o n d i t i o n s  of 
prolonged r o t a t i o n .  They were besun i n  t h e  Sov ie t  Union hnd abroad 
i n  t h e  1960's (A. V. Lebedinskiy, e t  a l . ,  1963; R.  R .  G a l l e ,  M. D. 
Yemel'yanov, 1967; Graybie l ,  C la rk ,  Z a r r i e l l o ,  1960; C la rk ,  Graybie l ,  
1961; Kennedy, Graybie l ,  1962).  

I n  t h e  f i r s t  s t a g e s ,  a  larcje p o r t i o n  of  t n e  s t u d i e s  were 
conducted wi th  r o t a t i o n ,  no t  exceeding 1-2 days i n  length .  I n  1964, 
Guedry and co l l eagues  (1964) c a r r i e d  o u t  a  two-week expcrir .ent  wi th  
continuous r o t a t i o n ,  a t  a  r a t e  of 18' p e r  second. 

Graybiel  and c o l l a g u e s  (1960) publ ished t h e  r e s u l t s  of exper;.- 
nlents, wi th  m t a t i o n  a t  a r a t e  of 60' per  second and l a s t i n g  1 2  aays .  

Newsom, Brady and Goble (1964) observed s l acken ing  of t h e  spy;- 
tok~s of n~o t ions ickness  i n  a  revolving space s t a t i o n  s imula to r  (MRSSS) 
dur ing  a f i ve -day  experiment,  wi th  r o t 3 t i o n  a t  a  r a t e  of 3 6 O  per  
s e c o ~ d .  R. R. Gal le  and N. D .  Yemel'yanov (19671, dur ing  s t u d i e s  i n  



a  MVK-unit, n o t e d  t h e  o n s e t  o f  p e r s i s t e n t  a d a p t a t i o n  t o  r o t a t i o n  a t  
a rate o f  10' p e r  second and p a r t i a l  a c c l i m a t i z a t i o n  a t  a r a t e  of 40° 
p e r  second,  i n  a n  exper iment  seven  days  long.  

Grayb ie l  (1969) cou ld  summarize a l l  t h e s e  and l a t e r  d a t a ,  i n  t h e  
form of t h e  fo l lowing  c h a r a c t o r i s t i c s  o f  t o l e r a n c e  of r o t a t i o n  by a  
h e a l t h y  man, with a s t a b l e  v e s t i b u l a r  f u n c t i o n  (wi th  r a d i i  between 
1 . 5  and 7 m and c e n t r i p e t a l  a c c e l e r a t i o n s  up t o  0 .3  9): 

60' p e r  s econs ,  4 hou r s ;  
40' " 

11 7 days;  
36' " " 1 4  days  ( p e r s i s t e n t  a d a p t a t i o n ) .  

Dj s r u p t i o n  o f  performance c a p a c i t y  and deve lopn~ent  o f  the 
n ~ o t i o n s i c k n e s s  syndrome a r e  connec ted  p r i m a r i l y  w i t h  t h e  e f f e c t  of 
C o r i o l i s  a c c e l e r a t i o n .  The maximum p e r m i s s i b l e  r o t a t i o n ,  o f  c o u r s e ,  
dec reased  w i t h  d e c r e a s e  i n  s t a b i l i t y  o f  t h e  v e s t i b u l a r  a n a l y z e r .  

Considering t.he numerous l a b y r i n t h  and e x t r a l a b y r i n t h  f a c t o r s  -, 

de te rmin ing  t h e  development o f  a d a p t a t i o n  t o  r o t a t i o n ,  a s  w e l l  a s  t h e  
s t a t e r n e n s  o f  t h e  i n v e s t i g a t o r s  l i s t e d ,  r e l a t i v e  t o  t h e  r e s u l t  of t h e  
expe r in . en t s ,  t h e  r a t e  o f  l o 0  p e r  second cou ld  be proposed a s  t h e  
i n i t i a l ,  optimum, t a l e r a b l e  magnitude of pro longed  r o t a t i c a n .  Subse-/318 - 
quent s i g n i f i c a n t  r e f inemen t  ~f t h i s  v a l u e ,  i n  accordance  w i t h  o u r  
expanding knowledge on t h e  f u n c t i o n s  of  t h e  a n a l y z e r s  i n  w e i g h t l e s s -  
n e s s ,  i s  n o t  excluded. 

There  i s  a b a s i s  f o r  t h i n k i n g  t h a t ,  i f  t h e  s e n s i t i v i t y  of  t h e  
s t a t i c - k i n e t i c  a n a l y z e r  t o  l i n e a r  and a n g u l a r  a c c e l e r a t j c l n s  under  
w e i g h t i e s s  c o n d i t i o n s  changes ,  ' n i s  ~ i y h t  be r e f l e c t e d  i n  t h e  
pa rame te r s  d e f i n i n g  AFC (A .  M .  Genin,  1 9 6 5 ) .  

I t  f o l l o w s  from t h e  d a t a  on t h e  dependence of a n g u l a r  -i-e!ocity 
on r a d i u s  o f  r o t a t i o n  ( t h e  r a d i a l  a c c e l e r z f i o n  i s  assumed be 0 . 3  g )  
t h a t  an i n c r e a s e  i n  r a d i u s  l e a d s  i n i t i a l l y  t o  a  s h a r p  dec:sf .~ase i n  
a n g u l a r  v e l o c i t y  o f  r o t a t i o n ;  t h e  c u r v e  of t h e  f u n c t i o n  tk.n , l anges  
snloothly, i .e .  , f y r t h e r  i n c r e a s e  i n  r a d i u s  has a lmos t  no e!':=ci ?r. . . a n g u l a r  v e l o c i t y .  Cons ider ing  t h e  experi r rxmtal  d a t a  on t h e  p e ~ x l s s l -  
b i l i t y  of  a r o t a t i o n  r a t e  V = l o 0  p e r  second ,  we t h i n k  it p o s s i b i c ,  
froni t he  medica l  p o i n t  of view, t~ c o n s i d e r  t h e  optimum r a d l ~ s  of 
r o t a t i o n  of o b j e c t s  t o  b e  ii= 90 m ,  i n  which v a r i a t i o n s  i n  we igh t  o f  
t h e  a s t r o n a u t  a s  h e  moves i n  t h e  d i r e c t i o n  of t h e  r o t a t i o n  does  n~:, 
exceed 0.25-0.35 g. 



CHAPTER 6 

PERFOWAMCE CAPACITY OF PAN IN WEIGHTLESSNESS 

1. Training of Astronauts in Laborat~ry- 
Aircraft Under Weightless CondiLions 
for Work in Space 

The basic task of training astronallts for occupational /319 
activity in space is optimization of the interaction of man with 
various spacecraft designs. Of course, maintenance of identity of 
training conditions and actual perfor~nance of work creates the greatest 
guarantee of reliability an6 efficiency of reactions of man in space. 
In training the first astronauts for flights in the Vos~ok spacecraft, 
training in weightlessness, conducted in special aircr2f?, for the 
pul-pose of revealing the effects of weightlessness, b.li.:. ~lrectly or. 
the hullan body ar.3 inSirectly on his activities, u c r  1vjc:d a sig- 
nificant place. The importance of these studies is ',.,t:r?dent on 2 
number of uircmstances. For example, in perf~rmin~ work in free 
space, the development of disproportionment speeds by an astronaut 
in pushing ab7y fson; a support may lead to trauma. i\n inadequate 
level of-adaptation and individual intolerance of ihe effects of 
space flight fectors threatens loss of qerformancr capacity, since 
the conditions of exist~cce becone less favorable for the body. 

The initial period of the conquest of space was zharacteri~ed 
by study of the simplest (psychophysiologicaJj farms of interaction 
between the body of the astronaut and the ur.i~;ual living envircnment 
and with elucidating the question cf the poss;bility of human activity 
under weightless cnnditions. The experience of the space fligllts of 
Vostok 1 - Vostok 6 and Mercury craft demonstrated the possibility of 
an active life, but work in spacc in these flights was not cf 
primary importance. In accordar.:e ~ i t h  tki st the training ax3r- - /320 
cises of the astronauts ir weightle~2 'ess before a space flight were 
carried out, for the purpose of familiarization with wcightlessness, 
finding out the possibilities of pezforr.ing the simplest everyd3;r 
acts (eating food, drinking water) anc. ~ertain work operations 
(conduct of rat!iocommur.icat ions, one- and two-component: ' A  ject 
movements), as we1 l as study of the ~9ychopi!y3~.ological. reactions to 
alternate g-forces and weightlessness. The tzansition period in the 
conquest of sppce was characterized by study of corplicated forms 
as physical interacticns, such as an 5~;tronal;r ..taying and movinl; 
inside and outside the craft (Vcskncd - \;skk~d 2 flights). The 
successful extravehicular activity of A. A .  Lec,.zV'r berar.e the 
beginning of the conquest of space, when, together w i t 5  cor.tinuation 



of the study of psychophysiological and physical interactions, the 
principal attention is given to active occupational activity of the 
astronauts insi?~ and outside spacecraft, using special equiprent 
(spacesuits, backpacks, etc.), gear and tools. 

The qualitative complication of space flight programs led to 
the necessity for finding new, adequate methods of training astro- 
nauts under ground conditions. Laboratory-aircraft flights in 
weightlessness permitted solution of the problems posed in the best 
way. training was conducted by a support team, which included 
represa21,atives of various occupations, including physicians and 
methodologists. Va.rious motor and vegetative reactions were recorded 
in the training process. Indices of vitally important functions were 
produced on videoscopes in numerical values, which made it possible 
to monitor and correct the course of training in good time. The 
correctness of the direction adopted was confirmed by the experience 
of successful fulfillment of the missions of astronautics, under 
space flight conditions. 

The following work can be carried out in flying laboratories: 

1. Working out a procedure for training astronauts, in 
accordance with the singularities of forthcoming space flights; 

2. Working out the optimum methods of performing piloting 
operations, applicable to typical spacecraft, in mock-up sections; 

3. Testing of special equipment, units and tools by the 
astronauts; 

4. Work to efficiently match man and technical systems (design 
changes, in accordance with the requirements of anthropotechnics 
and biomechanics, as well as use of methods of performing work, 
applicable to the design features of spacecraft); 

5. Familiarization-training flights by the astronauts in 
weightlessness, for the purpose of general familiarization and 
expert-prognostic study of individual psychophysical reactions; 

6. Training of astronauts in mock-up sections of spacecraft in 
brief weightlessness. The astronauts proceed to this type of work, 
after successfully passing through a number of stages of ground and 
flight training. Ground training includes general physical, special 
vestibular and theoretical training for weightlessness. 

During the final training exercises, the astronaut perfects the 
following types of work: 

1. Conduct of scientific-techanical experiments; 



2. Preparatory operations inside the craft for extravehicu- /321 
lar activity; 

3. Putting on and removing special gear; 

4. Extravehicular activity (going throughthe airlock, exiting 
through the airlock hatch, moving away and approaching the hatch on 
a safety tether -- Voskhod 2); 

5. Movement in open space (transfer from craft to craft, 
transportation of freight) ; 

6. Assembly-disassembly and repair work in open space; 

7. Actions of astronauts in special cases (impossibility of 
independent movement, breakdown of life support system, etc.). 

While performing these types of work, special attention is 
given to efficiency of the spacecraft systems, convenience of place- 
ment of equipment and fastening of instruments and tools, securing of 
the astronauts while working, accessibility of control levers, 
design of the compartment interior, correspondence of the special 
year to the physiological, biomechanical and anthropometric 
peculiarities of the human body. This type of work made it possible 
to work out the engineering-psychological requirements for spacecraft 
design. 

The work of man in space is a new type of work activity, which is 
performed under unusual conditions. The defensive-adaptive capabilities 
of the body must, on the one hand, provide for physical and mental 
efficiency and, on the other, compensate for the effect of the unusual 
conditions of the outer environment on the body. Reliability of the 
work of an astronaut, interacting with technical systems, is of 
tremendous importance here. The experience of training astronauts 
in laboratory-aircraft has shown that the success of work activities 
and a decrease in probability of errors by a working astronaut depend 
on the following factors: 

1. Tolerance of the unusual conditions of the outer environ- 
ment arid the degree of adaptation to it by the astronauts; 

2. The degree of convenience of use and efficiency of design 
of technical systems, in accordance with the requirements of anthro- 
potechnics, biomechanics and engineering psychology; 

3. Selection of optimum methods of performing work, with decrease 
in labor cost; 

4. The persistence and dynamicity of the occupational skills 
of the c-stronauts. 



To decide on the tolerance of the alternating effects of g- 
forces and weightlessness by astronauts, as well as the complex 
effects of weightlessness and angular accelerations, we worked out 
special tables, by which the degree of adaptation of the astronauts 
to weightlessness, level of efficiency and degree of mastery of 
motor skills were evaluated. On the basis of these evaluations, 
recommendations were made on design of training exercises in the 
final stage, with the individcal peculiarities of the body taken 
into consideration. 

Accomplishment of work activities in flights in weightlessness 
places increased requiranents on the body of the astronaut; in this 
case, the functioning of various systems is characterized by a number 
of transitional states and maximum stress of the compensatory- 
adaptive mechanisms. As the final result, adaptive rearrangement of 
the functions takes place, providing for successful activity under 
extreme conditions. It stands to reason that the nature of the 
activity in itself affects the level of stress on the compensatory- 
adaptive mechanism to a considerable extent, and nonconformance of 
the adaptive capabilities to the load of work performed can lead to 
a decrease in reliability of the astronaut. In connection with /322 
this, it becomes necessary to evaluate different types of work 
activity by difficulty and reliability of performance. This evalu- 
ation may be based on the experience of classification of ground 

f 

work (W. Woodson, D. Conover, 1968), and it will have the following P ' 

appearance. 

A. Work inside a spacecraft. 

1. Single work operations, with adequate securing and the 
absence of limitations on mobility of the astronauts by special gear. 

2. Sets of working operations, performed with adequate 
immobilization and without special gear. 

3. Sets of work operations performed with inadequate securing. 

4. Sets of work operations requiring evaluation of the situ- 
ation, decision-making and choice of method of action. 

5. Sets of work operations performed in special gear, with 
inadequate immobilization. 

6. Sequential sets of work operations, including coordinating 
actions with other astronauts and performed in special gear. 

B. Work outside a spacecraft. 

1. Sets of work operations performed in special gear under 
randomly changing conditions in the unsupported position. 



2. Sequential sets of work operations, including coordination 
of action with other astronauts, performed in special gear, under 
randomly changing conditions, in the unsupport2d position. 

Analysis of the complexity and severity of forthcoming work and 
coordination of methods of performance with the actual capabilities 
of the astronaut at each stage of training is one of the underlying 
principles of rational construction of the study-training procew 
in flying laboratories. 

In the initial period of training, the astronauts have to master 
working operations, characterized by a high degree of reliability and, 
in proport:ion to their mastery, proceed to performance of more 
complicated tasks (with a lesser degree of reliability), requiring 
more stress on the compensatory-ada.ptive mechanisms of the body. 
Thus, for example, sequential sets cf working operations accomplished 
by Ye. V. Khrunov and A. S. Yeliseyev, during the joint transfer from 
craft to craft in free space, should be among the complicated types 
of activities. The astronauts performed purposeful movements, 
carried out various types of assembly-disassembly work, scientific 
experiments and motion-picture photography (Figs. 89 and 90). 

Ye. V. Khrunov i A. S. Yeliseyev 
,,- 

i 

, I 

Exercise elements Exercise elements 

Fig. 89. .Time and motion charts of accomplishment of 
transfer from craft to craft by astronauts Ye. V. 
Khrunov and A. S. Yeliseyev at start (A) , middle (B) , 
and end (C) of training cycle in laboratory-aircraft 
flights: elements of transfer (exercises): 1, occu- 
pation of initial posture for transfer; 2, transfer 
to first handhold; 3, transfer from one handhold to 
another; 4,. transfer to second handhold; 5 ,  occupation 
of initial posture for ent:-y into hatch of orbital 
station. 

The work was performed in spacesuits under excess pressure, 
which bound movement, hampered heat regulation and increased energy 

! consumption, because of the application of additional efforts to 
overcome the resistance of the spacesuit shell, and it decreased the 



Fig .  90.  Mot ion-p ic ture  f rames o f  p r o c e s s  o f  e x i t  from 
c r a f t  ( A ) ,  t r a n s f e r  t o  o t h e r  c r a f t  (B)  , and e n t r y  i n t o  
o t h e r  c r a f t  (C )  by a s t r o n a u t  A.  S. Ye l i s eyev  i n  b r i e f  
w e i g h t l e s s n e s s .  



visual field of view. Ye. A. Karpov (19661, analyzing the activity 
of the Voskhod 2 crew, concluded that, for all its complexity, 
success was predetermined by the content of the preflight training. 
Ye. A. Ivanov and colleagues (1968), conducting a comparative 
biomechanical analysis of the performance of extravehicular activity 
by A. A. Leonov in the last training sessions in the flying laboratory 
with the third exit from the craft under actual conditions, concluded 
that the training exercises had a significant favorable affect on/323 
forming the skills of controlling orientation and movement of the body 
in space. Thus, the success of the training program worked out in 
the laboratory-aircraft ensures a high quality of task performance 
under actual conditions; the sequence in mastery of the operations 
of various degrees of complexity is of decisive importance here. 

An increase in reliability also is achieved by means of repeated 
exercises, until complete mastery of them under weightless conditions. 
Time and motion charts of execution of the transfer from craft to 
craft by Ye. V.Khrunov and A. S. Yeliseyev, at various stages of the 
training process, are pre~~ented in Fig. 89. A decrease in time for 
performance of individual elements of the exercise and a rise in 
evaluation of the quality, in proportion to mastery of the skills 
by many repetitions of the exercise, is common to both astronauts. 
The considerable expenditure of time in performance of individual 
elements and the entire exercise by A. S. Yeliseyev at the start of 
training attracts attention. This is explained by the fact that A. S. 
Yeliseyev, in distinction from Ye. V. Khrunov, had no experience 
working in weightlessness. This circumstance confirn;, again tiie 
importance of observance of the principles of constructing the train- 
ing process reported above. The vegetative reactions of A. S. 
Yeliseyev at the start of the training cycle were more pronounced 
than those of Ye. V. Khrunov. The recovery reaction time of the 
cardiovascular and respiratory systems of A. S. Yeliseyev, after work- 
ing in weightlessness, was 1-2 min longer than the recovery reaction 
time of Ye. V. Khrunov. These differences were smoothed out in the 
concluding stage. 

It has been determined in a number of studies that, as the astro- 
nauts work out the actions, an adjustment of the motor-skill structure, 
applicable to the conditions of absence of body weight takes place 
simultaneously (I. F. Chekidra, 1967, 1968). During the training 
process, the coordination structure of special purpose movements of 
the arms of the astronauts, of varying complexity, was studied by the 
photocyclograxrn~etric method. It was shown that, in the first flights 
in weightlessness, the coordination structure of movements is compli- 
cated, compared with normal weight conditions: muscle forces and the 
amplitude and nuxrber of correcting signals sent from the central 
nervous system to the periphery during movement increase. By the 
4th-5th flight, the structure of the test movements in weightlessness 
approximates that under normal gravity. Between the 20th and 30th 
flights, stabilization of the movement structure takes place, which 



is expressed by a decrease in applied muscle forces and, which is 
particularly interesting, a decrease in magnitude and number of 
correcting movements, compared with normal weiyht conditions. Owing 
to recording of the biomechanical charactexistics (speed, acceleration, 
forces, muscular moments in microintervals of time), objective 
criteria for evaluation of the speed of adjustment of the motor skills 
were successfully worked out. Recording was carried out in a 
parallel study of the overall work activity, by means of analysis of 
motion-picture materials, time and motion charts, psychophysiological 
reactions, performance capacity and quality of work performance. 

The complex evaluation of activities results in revealing 
difficulties, arising in performing various elements of a task, and 
in controlling the process of forming a stable dynamic stereotype of 
occupational activity of an astronaut, worked out in mock-up sections 
of spacecraft under weightless conditions. 

The experience accumulated has shown that efficient matching / 324  
of astronauts with the technical systent must be based on the following 
principles of engineering psychology: 

1. To evaluate equipment, from the point of view of convenience 
ir. work; 

2. To scrupulously and attentively approach evaluation of 
details of the work of an astronaut; 

3. To use objective methods of recording motor activity of an 
astronaut and the vegetative reactions of his body; 

4. To evaluate performance capacity of an astronaut, on the 
basis of a complex analysis of psychophysiological reactions and 
success in task performance; 

5. To evaluate the efficiency of work of ac astronaut; 

6. To predict the reliability of performance of work by an 
astronaut under actual space conditions. 

The question frequently arises during training, as to how to 
evaluate various inefficient elements of design. The classification 
of W. Woodson and D. Conover (1968) seems reasonable to us; accord- 
ing to it, the following are distinguished: a) irrational elements, 
not having an effect on activities; b) reducing efficiency, but not 
eliminating the possibility of performance of the activity; c) leaving 
to the impossibility of performing the activity; d )  causing an 
energency situation. 

From these considerati.ons, various proposals for improvement of 
design were evaluated, in the training of the astronauts for the 
Voskhod 2 flight. 



Generaliziag what has been reported above, we consider it 
necessary to note that analysis of occupational activity of the aztro- 
nauts in laboratory-aircraft flights permits the training of astro- 
nauts to be built on a scientific basis, and that this promotes 
further improvement and refinement of the methods of training and of 
work in space. 

2. Preservation of Human Performance 
Capacity Vnder Prolonged space N75 23151 
Flight Conditions 

The creation of orbital stations, as well as long space $= flights, especially to other planets, involves a prolonged stay o 
man in weightlessness or considerably reduzed gravitation. The 
investigators are faced with the significant problem of 
preservation of the health and satisfactorily high 
performance capacity of crew members of spacecraft, orbital and, in 
the future, interplanetary stations, for a lcng time (possibly months 
and years). Preservation and maintenance of that level of efficiency 
which would ensure manual execution of precise and delicate maneuvers 
in docking craft in orbit, landing them on other planets or returning 
to intermediate or ground spaceports, is of particular importance. 

In long space Elights, work is the significant factor determining 
the lifestyle. The work of an astronaut is complicated and varied. a 

Ey its nature, it is a variety of operator-type work. However, at 
the present time, it has a number of fundamental differences from the 
work of operators in other occupations. The main ones of them are 
that, first, the astronaut works under unusual external environmental 
conditions, to which man is not adapted in the process of phylogenesis 
and ontogenesis and, second (in all likelihood, this is a peculiarity 
of the present time), he is an operator, with an extremely extensive 
range of qualifications, and performance of operator functions 
frequently is not an end in itself, but only a necessary prerequisite 
creating conditions for conduct of scientific research, i.e., for 
accomplishment of cognitive activities, in the interests of a large 
number of scientific disciplines. 

The complexity of performing many tasks, which an astronaut works 
out auring a space flight, places investigators of performance 
capacity in a very difficult position, sizce the criteria for such 
evaluation will be diverse arid frequently contradictory. 

In recent years, study of the condition characterizing per- 
formance capacity has become one of the basic problems of space 
biology and medicine, especially in solution of the problem cf 
increasing reliability of man, as a major link in an ergonomic 
system. 

It should be noted that in both biology and medicine and in 
eagineering psycholcgy, there is a large number of specific concepts 



of "performance capaci ty."  Each of t h e s e  concepts  c o r r e c t l y  r e f l e c t s  
d i f f e r e n t  a s p e c t s ,  c h a r a c t e r i z i n g  t h e  work of complex t e c h n i c a l  o r  
ergonomic systems. 

Not dwel l ing  on e v a l u a t i o n  o f  t h e  c o r r e c t n e s s  and completeness 
of t h e s e  d e f i n i t i o n s ,  we  on ly  p o i n t  o u t  t h a t  it apparen t ly  is  most 
a d v i s a b l e  t o  t a k e  s imultaneous account  of both t h e  r e s u l t s  of t h e  
a c t i v i t y  i t s e l f  ("production criteria! ')  and t h e  f u n c t i o n a l  s t a t e  of  
t h e  body of  t h e  a s t r o n a u t  d u r i n s  t h i s  a c t i v i t y  ( t h e  t tphys io log ica l  
va lue"  of t h e  a c t i v i t y ) ,  f o r  e v a l u a t i o n  o f  t h e  performance c a p a c i t y  
of  a  man on a space f l i g h t .  

I t  seems a p p r o p r i a t e  t o  us t o  l i m i t  t h e  occupa t iona l  a c t i v i t y  of  
an a s t r o n a u t  t o  t h a t  of  an o p e r a t o r ,  s e r v i c i n g  t h e  b a s i c  systems of 
t h e  s p h c e c r a f t ,  ensur ing  f l i g h t  s a f e t y ,  and t o  t h a t  of an  i n v e s t i -  
g a t o r ,  i .e . ,  c r e a t i v e ,  c o g n i t i v e .  Evaluat ion  o f  t h e  i n v e s t i g a t i v e  
a c t i v i t y  5f an a s t r o n a u t  can only  be  made some t i m e  a f t e r  t h e  /327 
f l i g h t ,  a l lowing f o r  t h e  f a c t  t h a t  t h e  " r e v a l u a t i o n  of  t h e  va lue"  
may t a k e  p l a c e ,  wi th  r e c e p t i o n  o f  new information.  The o p e r a t o r  
a c t i v i t y  can be evaluated  s u f f i c i e n t l y  a c c u r a t e l y  i n f l i g h t .  

Evaluat ion o f  o p e r a t o r  c a p a b i l i t i e s  of a s t r o n a u t s  by some 
i n v e s t i g a t o r s ,  based on s imula t ion  of one a s p e c t  o r  another  of  t h e i r  
a c t i v i t i e s ,  under f l i g h t  c o n d i t i o n s ,  i n  our  opin ion,  r e q u i r e s  a  very  
c a u t i o u s  approach t o  i n t e r p r e t a t i o n  o f  t h e  r e s u l t s  obta ined.  

I t  must be  cons idered  t h a t  t h e  s o c i a l  and v i t a l  importance of 
a  model experiment is  immeasurably less than  t h e  a c t a a l  o p e r a t o r  
a c t i v i t y  i~ c o n t r o l  of a s p a c e c r a f t .  O f  course ,  t h e  emotional  
background and " r e s p o n s i b i l i t y "  i n  t h e s e  two types  o f  a c t i v i t y  w i l l  
d i f f e r  s i g n i f i c a n t l y .  I n  connect ion ~7it.h t h i s ,  i n  i n t e r p r e t a t i o n  and 
a n a l y s i s  of d a t a  ob ta ined ,  t h e  func t i cn ing  of t h e  a s t r o n a u t s  i n  t h e  
c o n t r o l  c i r c u i t  of an a c t u a l  s y s t e ~ , ,  l .e . ,  a  s p a c e c r a f t ,  must be 
taken i n t o  cons ide ra t ion  wi thout  f a i l .  

The f l i g h t s  of t h e  Soyuz s e r i e s  s p a c e c r a f t ,  i n  conformance wi th  
t h e  S o v i e t  space resea rch  program, were undertaken,  f o r  t h e  purpose 
of s o l v i n c  d i f f i c u l t  problems, connected wi th  c r e a t i o n  of long-term 
o r b i t a l  s t a t i o n s .  They have pe rmi t t ed  manual and automatic  docking 
o p e r a t i o n s  and crew t r a n s f e r  and exchange o p e r a t i o n s  t o  be  worked 
o u t ,  t e s t i n g  of s p a c e c r a f t  c o n t r o l  systems and crew l i f e  suppor t  
systems t o  be t e s t e d  and s c i e n t i f i c  equipment and communications 
f a c i l i t i e s  t o  be t e s t e d .  

The work of an a s t r o n a u t  aboard a  s p a c e c r a f t  i s  reduced t o  t h e  
fo l lowing,  i n  t h e  most g e n e r a l  form (A. I. Men'shov, 1971) ;  

-- monitoring and c o ~ t r o l  of  t h e  o p e r a t i o n  of onboard systems; 

-- c o n t r o l  of  s p a c e c r a f t  movement i n  performance of v a r i o u s  
dynamic o p e r a t i o n s  ( o r i e n t a t i o n ,  s t a b i l i z a t i o n ,  approach, docking, 
o r b i t a l  c o r r e c t i o n ,  descen t  from o r b i t ,  l a n d i n g ) ;  



-- conduct of radiocommunication and television reporting; 
-- conduct of visual observations, conduct of scientific 

experiments and investigations; 

-- assembly and disassembly of individual units of the czti c, 
performance of various operations outside the spacecraft; 

-- operation of special gear; 
-- carrying out onboard documentation. 
The clearly expressed and natural tendency towards complication 

of flight missions must be noted. This is explained by the objective 
course of development of astronautics, the continually increasing 
instrumentation of spacecraft and the procedural readiness of astro- 
nauts to conduct vsrious studies. 

This great loading of the flight program with research work 
makes an astronaut a wide-profile investigator. 

The flight of the Soyuz 9 crew is of considerable interest, in 
connection with the problem we are examining, because it can, although 
provisionally, be considered to be a sufficiently academic experi- 
laen t . 

Actually, at the moment of launch of Soyuz 9, some manned craft of 
this series had flown. 

The Soyuz craft were improved from flight to flight; therefore, 
the technical reliability of Soyuz 9 bas quite high, and all systems 
functioned normally in flight, providing an appropriate baseline 1 3 2 8  
of the emotional stress of the astronauts, performing a quite 
saturated program of activity during the 18 days. 

During the flight of Soyuz 9, a large volume of scientific- 
technical studies and observations was carried out, for analysis 
of the operation of the spacecraft systems and solution of a number 
of scientific and national economy problems. Multipls testing of 
the onboard systems of the craft and its equipment and experiments 
were conducted, to work out .lethods and means of autonomous navigation. 
Various measurements were made in solving navigational problems, 
using a number of highly accurate instruments. The resulto cf these 
measurements were used to determine elements of the spacecraft orbit 
and calcu~ation of the necessary corrections to it. 

To provide for navigational measurements, regulation of the 
heat and energy conditions, as well as to conduct a number of 
scientific experiments during a flight, several dozen dynamic 
operations were performed. These operations included orientation 
of the craft on the sun, earth, or stars, with subsequent stabili- 



z a t i o n  of it, us ing gyroscopes o r  t o r s i o n .  O r b i t a l  c o r r e c t i o n s  were 
accomplished t h r e e  t i m e s  dur ing  t h e  f l i g h t .  A l l  dynamic o p e r a t i o n s  
were performed, us ing  t h e  manual o r i e n t a t i o n  system and semiautomatic 
and automatic  modes. Severa l  new ins t ruments ,  used i n  s p a c e c r a f t  
o r i e n t a t i o n  and movement c o n t r o l  s y s t e n s ,  were t e s t e d  dur ing  t h e  
f l i g h t .  A number of  experiments was conducted, t o  determine and 
p r e c i s e l y  d e f i n e  t h e  s t r u c t u r a l  and i n e r t i a l  c h a r a c t e r i s t i c s  of  t h e  
c r a f t .  S c i e n t i f i c  experiments ,  i n  t h e  i n t e r e s t s  of s tudy of cir~um- 
t e r r e s t r i a l  space  and s tudy of  t h e  o p t i c a l  p r o p e r t i e s  and c h a r a c t e r i s -  
t i c s  of  t h e  atmosphere of  t h e  e a r t h ,  occupied cons ide rab le  space  i n  
t h e  f l i g h t  program. For t h i s  purpose, observat.ion, pho* ~ g r a p h y  and 
syectrography o f  t h e  day and t w i l i g h t  hor izons  of t h e  e a r t h ,  etc., 
were c a r r i e d  o u t .  

I n  t h e  i n t e r e s t s  of meteorology, s e r v a t i o n  and photography of  
t h e  cloud cover was c a r r i e d  o u t ,  t h e  l i m i t s  of snow cover were 
determined, t h e  p o i n t s  of apptarance  of s torms,  g a l e s ,  t r o p i c  
 typhoon^ and cyclones  were recorded,  and g e o l o g i c a l  o b j e c t s  on t h e  
su r face  of t h e  e a r t h  i n  t h e  t e r r i t o r y  of t h e  USSR were photographed, 
f o r  t h e  purpose of p r e c i s e l y  d e f i n i n g  t h e  s i tes  o f  occurrence  of  
minera ls .  The a s t r o n a u t s  a l s o  c a r r i e d  o u t  a  l a r g e  set  of biomedical 
experiments .  

Even a ve ry  b r i e f  and genera l  l i s t  of t h e  work performed by 3 2  * .  

t h e  crew members i n d i c a t e s  t h e  broad range c f  t h e i r  a c t i v i t i e s  and 
t h e  complexity of e v a l u a t i o n  of  i ts q u a l i t y  . ~ d  e f f i c i e n c y  and 
e v a l u a t i o n  of  t h e  performance c a p a c i t y  of t h t  a s t r o n a u t s .  

The performance c a p a c i t y  of t h e  a s t r o n a u t s  is n o t  s t a b l e ,  Lr. 
t h i s  i n s t a b i l i t y  depends on a g r e a t  many f a c t o r s .  The b a s i c  m u s e s  
of reduc t ion  i n  it a r e  t h e  e f f e c t s  of e x t e r n a l  environmental f a c t o r s ,  
having an u ~ l f a v o r a b l e  e f f e c t  on t h e  f u n c t i o n a l  systems of  t h e  body, 
developing a s  a  r e s u l t  of  work f a t i g u e  and change i n  emotional  s t a t e .  
However, under a c t u a l  space : l ight  cond i t ions ,  t h e  complex a c t i o n s  
o f  t h e s e  f a c t o r s  and t h e i r  conplex d i a l e c t i c  i n t e r r e l a t i o n s h i p s  have 
t o  be  taken i n t o  cons ide ra t ion .  

I n  analyzing t h e  func t ion ing  of t h e  crew i n  t h e  c o n t r o l  c i r c u i t s  
of va r ious  s p a c e c r a f t  systems, ensur ing  f l i g h t  s a f e t y ,  it must be 
noted t h a t ,  through f a u l t  of t h e  crew, n o t  one reason developed f o r  
c r e a t i o n  of an emergency s i t u a t i o n  aboard dur ing  t h e  e n t i r e  f l i g h t .  
Analysis  of t h e  work of  t h e  crew c o n s i s t e d  of  e s t i m a t i n g  t h e  c o r r e c t -  
n e s s  of  i s s u i n g  commands, i n  accordance w i t h  t h e  onboard documentation, 
t imely  c o n t r o l  of t h e  cond i t ion  of systems be fo re  dynamic o p e r a t i o n s  
and dur ing  them, and d e v i a t i o n s  from t h e  o f f i c i a l  f l i g h t  program. 
A s  i s  c l e a r  from Fig. 91, t h e  g r e a t e s t  number of  e r roceous  a c t s  was 
committed by t h e  crew, i n  t h e  f i r s t  two days and on t h e  12 th  day of  
t h e  f l i g h t .  I n  our  op in ion ,  t h i s  i s  expla ined by t h e  i r r e g u l a r  
d i s t r i b c t i o n  of dynamic o p e r a t i o n s  by day of t h e  f l i g h t  ( t h e  g r e a t e r  
p o r t i o n  of them was c a r r i e d  o u t  i n  t h e  f i r s t  h a l f )  and by changes 
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and analyzers, within the limits 
of their physiological capabilities and in others, it involkes the 
entire coordination structure of the system, which leads to morpho- 
logical changes in the organs and tissues. However, in any case, 
during adaptive adjustment, deep-seated, unfavorable changes in 

t 
function can be observed, which unfz-;~rauly affectthe performance 
capacity of man. 

Possible pathogenetic mechanisms of the unfavorable effect of 
prolonged weightlessness on the human body were examined in detail 
in the first section of the preceding chapter. We approach this 
problem, from the point of view of possible processes of adaptation, 
developing in the body of the astronaut in flight. 

Possible processes of adaptation of the body to weightlessness 
and other space flight conditions, permitting discussion and under- 
standing of the diversity of known and hypothetical changes in the 
functional state of the body which ultimately determine, not only/331 
the state of health, but the perforn~ance capacity of a man, are 
presented in simplified form in Diagram 10. 

The basic conditions of space flight are shown in Diagram 10: 
weightlessness, hiyh neuro-psychic stress, change in activity 
conditions, change in light conditions and other trigger mechanisms 
of "biological clocksn (biological rhythms), as well as hygienic 
living conditions. The conditions listed act on the human body 
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continually, during the entire period of a space flight, and any 
of them may be a stressor for the body, which is capable of causing, 
not only deep-seated physiological shifts, but pathological changes, 
which were discussed in detail in the first section of the preceding 
chapter. It is evident that weightlessness should be considered the 
most specific condition of space flight. 

Sufficient data have now been accumulated, to follow the dynamics 
of adaptive changes developing in spacecraft crews during a flight. 
Aralysis of these data has resulted in distinguishing several stages 
in a single process of adaptation of man to conditions of living and 
activity in space, which are new to him. Of course, division of the 
adaptation process into stages is quite arbitrary, since these 
stages do not have distinct boundaries in time or nature of the 
physiological (or pathological) changes. Some changes, whikh are 
specific to individual stages, are observed, when the corresponding 
stages either still are not developed or have already ended. 
However, in our opinion, separation into stages is advisable; it 
makes possible, not only understanding of the pathogenesis of the 
so-called "weightlessness sickness," but development of a number of 
measures for optimization of the activity of man under these con- 
ditions, and preventing the unfavorable adaptive shifts, which 
border on pathology or which change into pathology. 

Together wi.th changes in function of the analyzer systems, 
changes in certain metabolic indices, peripheral blood and other 
systems, principally indices of the cardio~rascular system dynamics 
were used for the adaptation scheme. 

Under normal conditions, the vessels of the heart are subject 
to extracardiac nerve influences. However, metabolism in the myo- 
cardium, i.e., the consumption of oxygen and energy resources at 
each given moment by the heart, emerges as the basic regulator of 
coronary circulation. Consequently, the oxygen content of the heart 
muscles emerges as the driving link in self-regulation of cardiac 
activity, together with the extracardiac influences. 

Data of ground experiments, under conditions of many-day 
hypodynania in the horizontal position, immersion, etc., show that 
the most serious and quickly developed changes are observed, first 
and foremost, precisely in the cardiovascular system. In connection 
with this, onboard medical monitoring resources in spacecraft pro- 
vide for obtaining telemetry information principally on the state 
of the circulatory system: EKG, seismocardiograms, kinetocardiograms, 
radial and femoral artery pulses, and the arterial pressure. It is 
not accidental that development of the stages of adaptation of the 
body to weightless cond-itions is based mainly on the results of 
analysis of the functional condition of the cardiovascular system. 

Four stages of adaptation can now be distinguished, based on 
space flight experience: 



-- sta of acute reaction (1st-2nd days of effect of (332 
wcightlessn~ 3) ; 

-- stage of unstable compensation or initial adaptation 
(approximately days 2-8 of weightlessness); 

-- stage of relative stabilization of reactions (days 4-15 of 
weightlessness); 

-- stage of unstable equilibrium of homeostasis (beginning with 
day 14 of weightlessness). 

The stage of acute compensatory reactions begins at the moment 
of development of g-forces and subsequec' weightlessness during 
injection of the craft into orbit. During this pericd, the body, 
after a comparatively brief action of g-forces, enters conditions of 
practically complete weightlessness. Since, in the process of 
phylogenesis and ontogenesis, the human body has adapted well to 
functioning under cond~tions of constant gravitation and the g- 
forces of orbital injection are relatively small and short-term, a 
healthy and well-trained astronaut tolerates their effects compara- 
tively easily. However, it must be noted that, according to some 
data (Yu. D. Pometov, i972), aftereffects of these g-forces may show 
up over a period of several hours or even days, i.e., precisely in 
the first phase of adaptation to weightlessness. 

The initial effect of weightlessness is characterized by symptoms 
of discomfort, and it begins primarily with changes in the cardio- 
vascular system, which is connected to the greatest extent with 
provision of homeostasis. 

Ine absence of weight leads to disappearance of the hydrostatic 
pressure of the blood and to redistribution of it in the region of 
the head and chest. All astronauts note a rush of blood to the head 
in the first minutes after the craft enters orbit. As many of them 
have reported, their faces become puffy. The unpleasant sensation 
of overfilling of the head creates some interference with occupational 
activity (A. G. Nikolayev, 1970). 

In response to the redistribution of the fluids, primarily the 
blood in the circulatory system, which is unusual for the body, 
regional protective reflexes are triggered. With overfilling of the 
upper half of the body with blood, an increase in the central volume 
and venous return to the right side of the heart, adaptation to the 
new condition begins, by means of elimination of the "excess" fluid, 
tc the level, at which signals from the volume receptors are 
adequate to the normal earth background. Evidence of this is the 
well-known fact of considerable loss of weight (mass) (2-3 kg and 
more), after one-ortwo-day space flight, in which no symptoms 
indicating the appearance of congestion in the lungs is observed. 
Normal pulmonary blood circulation apparently is provided by spasm 
of the pulmonary artery, with partial shunting of the blood to the 



left side of the heart, through arterial-venous anastomoses, with 
relative hypertension of the region of the pulmonary artery. 

The consequence of the disappearance of hydrostatic pressure 
and of redistribution of the blood also is deposition of the blood, 
change in tonus of the twins, extinction of the vasomotor reflexes, 
etc. All this decreases the tolerance of the body for terrestrial 
gravitation, especially to the orthostatic position. 

As it well known, in studies conducted in the hours and days 
immediately after landing on earth, there was a sharp reduction in 
orthostatic toleran- of American and Soviet astronauts (Berry, et 
al., 1966; Berry, 1967, 1969; V. V. Kalinichenko, V. A. Gornago, et 
al. , 1970) . 

The small number of observations does not yet permit speaking 
of a correlation between flight length and orthostatic tolerance /333 
level. The difficulty consists, not only of a large difference in 
individual reactions of the astronauts, but in the nonuniform flight 
conditions: varying saturation of occupational activity, the 
presence or absence of special equipment and means for prophylaxis 
(special trainers, negative pressure, pharmacotherapy), nonuniform 
living conditions, etc. However, existing material provides a basis 
for assuming that there is such a correlation, beyond a doubt, for 
durations achievable at the present time and with the existing level 
of medical provision for space flight. 3 

In the first minutes of a space flight, especially ~fter in- 
jection into orbit, i.e., under weightlessness conditions, the flow 
of afferent information to the higher regulation centers, to the 
brain, changes. This concerns mainly the afferent pulses from the 
proprio- and interoceptors, as well as from the peripheral part of 
the vestibular analyzer, which leads to disagreement in the normal 
reactions of the analyzers and to disruption of the functional 
system of the analyzers constituted under earth conditions ( G .  L. 
Komendantov, B. I. KOFaneV, 1965). 

As is well known, such disruptions can lead to the development 
of illusory sensations and, sometimes, to persistent illusions, 
unfavorably reflecting on the general state of health and performance 
capacity. 

Various authors present controversial data on change in the 
visual analyzer function. For example, A. L. Kitayev-Smyk (1964), 
in brief weightlessness, found changes in shape and color perception, 
deterioration of visual acuity, etc. B. B. Yegorov (19641, during 
a one-day space flight, did not notice this in himself or in his 
comrades. Only the neqative fusion reserves of the ocular muscles 
increased somewhat. Together with this, Monti and Richard (1963) 
demmstrated that, in longer weightlessness, the qualitative component 
of vision (accuracy of readings of instrument scales) decreases 
noticeably. The examples presented again confirmed the opi~ion of 
many investigators that the data obtained in parabolic aircraft 



must be very cautiously transferred and, more tha~. that, extrapo- 
lated to space flight, since the study conditions differ signifi- 
cantly. In the first case, there zv:e the alternating effects of 
brief g-forces and brief (up to 20-30 sec) weightlessness, when the 
aftereffects are significant and many reactions cannot develop, and 
in the second case, the effect of g-forces lasts for minutes, but 
weightlessness lasts many hours and days. Ye. A. Ivanov, V. A. Popov 
and L. S. Khachatur'yants (19681, using test methods of study of the 
functional state of the visual analyzer, noted that perception of the 
brightness range of colors presented, especially purple, blue, green 
and red, of P. I. Belyayev and A. A. Leonov, during the flight of the 
Voskhod 2, decreased noticeably. These authors observed a significant 
reduction in visual performance capacity (from 20 to 40% and more) 
and a negligible reduction in visual acuity of various operators, 
under prolonged weightlessness, beginning with the first days of the 
flight. According to their hypothesis, the cause of these changes 
may co9sist of discoordination of the muscular apparatus cq the eyes. 

The presence of significant "distortionn of information coming 
from the static-kiaetic analyzer, especially the vestibul~ part of 
it, leads to a still greater load on the visual analyzer and the 
necessity for constantly, actively correcting the amount of move- /334 
Rent and the magnitude of the muscle forces. Actually, in the 
initial period of a space flight, a definite discoordination of move- 
ment, a certain sweeping nature of them, disruption of precision of 
reproduction of assigned muscle forces, a reduction in the maximum 
force, disruption of fine coordinated movements, etc., are observed 
(I. I. Kas'yan, et al., 1964). 

The tstablishment of new coordination relationships, of a new 
stereo'-,pe of motor activity, when noving and when secured in the 
ship, in particular, in pei-forming occupational and domestic operations 
in weightlessness, quite rapidly causes a sense of fatigue (B. B. 
Yegorov, 1964; K. P. Feoktistov, 1964). 

If it is considered that, in connection with the changes in 
fvmctioning of the vestibular analyzers of some persons, especially 
di.iring sharp sovements of the head, the so-called space form of 
~notionsi,-'.~>ess can develop, and the general nervous-emotional back- 
gi.ounf? in the initial period of a space flight is considerably 
e l e - * - t ? d ,  it becomes clear that, in the first stage of adaptation, 
the performance capacity of an astronaut decreases significantly. 
1, is completely obvious that, the more expressed the disruptions and 
dhanges in the sensory, motor, vegetative and other components of 
t.he overall reactions of the body in the initial stage of its adap- 
tation to weightlessness, the more this is reflected in performance 
capacity. 

Subsequent adaptation to space flight takes place through a 
st.-ge of unstable compensation. Obviously, terninology should be 



dwelt on here, once again, because the presence of compensation 
implies the falling or absence of some normal functions, i.e., the 
presence of a pathology. 

Many investigators consider it necessary to use the term 
"adaptationn only for the designation "expedient" (by earth standards) 
changes, taking place in the body, in coming into equilibrium with 
the external environment, not going beyond the bounds of normal 
(irith respect to earth conditions) physiological shifts and 
practically not impairing the functioning of the body, upon return 
to normal conditions of existence. 

In those cases when change; in the body cross these limits close 
to a pathology, under the influence of the external environment, 
so that in changinc to normal conditions requires conduct of special 
recuperative or even therapeutic measures, so as to ensure normal 
functioning, these authors propose to call it a pathology. 

In our opinion, introduction of the term "disease" requires 
additional (and very complex) discussions on the limits and relation- 
ships of nor~~:al and pathology; therefore, it is right to abandon the 
term "adaptation," adopted by a number of authors, understanding that, 
in specific situations, as in normal life, adaptation diseases can 
develop (and actually do develop) (V. M. Dil'man, 1972). It then is 
conpletely understandable that, vnder the new and very unusual 
conditions of space flight, some "normaln physiological mechanisms 
of regulation become incompetent, and individual functions actually 
"drop olt" or are considerably transformed. 

In connection with this, in the process of adaptation to the 
new living conditions, in the process of adaptation to weightless- 
ness, the body must compensate for them. Loes this mean that a 
"breakdown" has occurred, that there is a pathology? Obviously, 
an unambiguous answer to this question is impossible: in the - /335 
initial stage of adaptation, there is not yet a pathology, but 
there are prerequisites for it, a prepathology. 

In the stage of unstable compensation (stage II), changes in 
tissue metabolism, chanqes in the blood and, as a consequence of 
this, further changes in the cardiodynamics and hernodynamics and 
respiration, are observed. At this stage of adaptation, as the 
observations and studies conducted immediately after completion of 
orbital flights lasting up to five days have shown, a pronounced 
leukocytosis and a roderate decrease in erythrocyte mass and percent 
of hemoglobin, an6 an increase in a11 globulinsand residual nitrogen 
are noted in the blood (V. I. Legen'kov, et al., 1971). Since it 
is well known (B. F. Korovkin, 1965) that al- and a -globulins are ? bound to "cardiac" transaminase (GCT), and 0-globu ins to the "liver" 
transaminase (GLT), an increase in globulin level may indicate an 
increase in enzyme activity, which is characteristic of the state 
of stress or disease, in cases of predominance of catabolic processes 
over anabolic ones, especially in the cardiac muscle and skeletal 



muscle. The increase in residual nitrogen confirms this. It 
apparently is precisely the unusual state of the nweightlessness 
sickness," which leads to leukocytosis. The decrease in number of 
erythrocytes may be connected, on the one hand, with an increase in 
breakdown of them in the spleen, where part of the blood is ?e- 
posited and, on the other, with the initial phenomena of suppression 
of hemopoiesis. In all likelihood, the latter is connected, not 
only with decrease in hemoglobin synthesis, because of the reduction 
in energy consumption (P .  A. Korzhuyev, 1971), but with change in 
the physical load on the skeletomuscular apparatus, which can 
unfavorably affect the hemopoietic function of the bone marrow. 
Possible suppression of hemopoiesis by products of tissue, especially 
muscle, catabolism also cannot be excluded. The decrease in number 
of erythrocytes and amount of hemoglobin leads to further decrease 
in the oxygen capacity of the blood and to development of hypoxic 
phenomena in the myocardium. At this stage of adaptation, a phased 
occurrence of water-electrolyte metabolism (exchange of hypoosmolar 
dehydration, characteristic of days 1-3 of a flight, for hyper- 
osmolar dehydration) also is noted, owing to release of antidiuretic 
mechanisms and reabsorption of potassium in the kidneys. 

Further change takes place in the hypodynamic regime, with 
increase in load on the right side of the heart, in which the astro- 
nauts objectively tolerate the rush of blood to the head more 
easily, as well as the initial readjustment of the analyzer systems, 
primarily of the static-kinetic analyzer. As the result of formation 
of a new system of analyzer activity, the astronauts become accustomed 3 
to the new type of spatial orientation and movement in sections of 
the craft, and coordination of movement improves. An increase in 
performance capacity is a consequence. However, readjustment and 
adaptation to the new conditions still has not finished; therefore, 
good imobilization in the seat, work with fixed instruments or 
performance of work on a hard, "solid" support are necessary to 
improve the quality of the activities. 

Moreover, the reduction in visual acuity, the marked reduction 
in contrast sensitivity and the subjectively perceived brightness of 
all colors (mainly orange-red and green-blue spectra) and, as was 
pointed out above, a reduction in working visual performance capacity 
continue. Besides, symptoms of acute desynchronosis, which 
apparently is one of the basic callses of development of fatigue and 
reduction in performance capacity, appear in adaptation stage 11. 

Adaptation stage 111, the staqe of relative stabilization of /336 
reactions, is characterized by further adjustment of the static- 
kinetic mechanisms and by an improvement in coordination of movement, 
with some decrease in motor activity and energy metabolism. The 
decrease In motor activity takes place primarily because of efficien- 
cy in movements, in which the astronauts begin to use, not only their 
hands, as was observed during the first week of stay in wei2htless- 
ness, but the legs, which "automatically" wcrk as "braces," to secure 



t h e  body whi le  working, moving and r e s t i n g  (A. 2 .  Nikolayev, 1970).  
Progress  of d e t e r i o r a t i o n  o f  t h e  v i s u a l  ana lyze r  func t ion  i s  n o t  
observed i n  t h i s  per iod .  F u r t h e r  a d a p t a t i o n  o f  t h e  v e s t i b u l a r  
ana lyze r  i s  noted. Moreover, even f o r  persons wi th  q u i t e  h igh  
v e s t i b u l a r  s t a b i l i t y ,  adequate s t i m u l i  a r e  n o t  n e u t r a l :  i n  t h e  
d e s c r i p t i v e  express ion  of  V. I. Sevast 'yanov,  a  f e e l i n g ,  reminiscent  
of movement of an i n e r t i a l  machine developed wi th  sha rp  t i l t s o f  t h e  
head or t runk.  I n  connect ion wi th  t h i s ,  i n  performing p h y s i c a l  
e x e r c i s e s  o r  some o t h e r  o p e r a t i o n ,  t h e  a s t r o n a u t s  a t t e n q t e d  t o  avoid 
such movements. 

I t  should be noted  t h a t  t h e  f e e l i n g  o f  blood rush ing  t o  t h e  
head, a s  i n  t h e  preceding s t a g e ,  s t i l l  i s  noted ,  b u t  it "does no t  
i n t e r f e r e  wi th  work," and it becomes customary. However, t o g e t h e r  
wi th  s t a b i l i z a t i o n  o f  t h e  b a s i c  i n d i c e s  o f  t h e  c a r d i o v a s c u l a r  system, 
r e s p i r a t o r y  system and metabolism, a d i s t i n c t l y  expressed l o s s  of 
minera l  s a l t s  from t h e  s k e l e t a l  bcnes, wi th  p r e s e r v a t i o n  o f  t h e i r  
mass, is  observed (Berry, 1971) ,  a s  w e l l  a s  a  p rogress ive  dec rease  
i n  thc  circumference of  t h e  c a l v e s ,  which e v i d e n t l y  is an  i n d i c a t o r  
o f  l e s s  of  body weight ,  n o t  due t o  dehydra t ion ,  b u t  due t o  t h e  t i s s u e  
mass. 

The b a s i c  cause  of desynchronosis  is i n s u f f i c i e n t  e f f i c i e n c y  i n  # 

c o n s t i t u t i n g  t h e  work and rest c o n d i t i o n s ,  caused by t h e  n e c e s s i t y  
f o r  ty ing  t h e  wakicg pe r iod  t o  t h e  passage o f  t h e  c r a f t  i n t o  t h e  
r a d i o  v i s i b i l i t y  zone of  t h e  ground t r a c k i n g  s t a t i o n s .  I n  t h i s  case ,  & 
a u n i d i r e c t i o n a l  s h i f t  t a k e s  p l a c e  i n  t h e  s t a r t  of s l e e p ,  over  
s p e c i f i c  pe r iods  of  t ime,  which l e a d s  t o  d i s r u p t i o n  of normal rest. 
Sleep become restless and i n t e r r u p t e d ;  t h e  a s t r o n a u t s  do n o t  f e e l  
r e s t e d  upon waking up. The use o f  s o p o r i f i c s  w i l l  n o t  always be 
e f f e c t i v e ;  t h e r e f o r e ,  by t h e  end of t h e  second week,  f a t i q u e  
phenomena i n c r e a s e  i n  t h e  a s t r o n a u t s ,  whic i~  reduces t h e i r  e f f i c i e n c y  
and, e s p e c i a l l y ,  r e l i a b i l i t y  i n  performance of  occupa t iona l  a c t i v i t i e s .  
An example of t h i s  is  t h e  i n c r e a s e  i n  t h e  number of remarks and 
erroneous a c t i o n s  i n  performing d y n a n ~ ~ c  s e r v i c i n g  and c o n t r o l  
o p e r a t i o n s  on t h e  s p a c e c r a f t  systems (see Fig. 91) .  

The phys io log ica l  essence  of s t a g e  I V ,  t h e  s t a g e  of  uns tab le  
homeostasis ,  c o n s i s t s ,  on t h e  one hand, of  reinforcement  o f  t h e  
new s t r u c t u r e  of  ana lyze r  i n t e r a c t i o n s  and, on t h e  o t h e r ,  of phenomena 
of decondi t ioning of a  number of  systems of  a n a l y z e r s  and, a s  a  
consequence of  t h i s ,  development of  f a t i g u e  phenomena and a  r educ t ion  
i n  e f f i c i e n c y .  I t  s t i l l  i s  d i f f i c u l t  t o  completely e x p l a i n  t h e  
causes  and mechanisms of  change i n  func t ion ing  o f  t h e  b a s i c  systems 
of t h e  body a t  t h e  p r e s e n t  t i m e ,  s i n c e  d a t a  obta ined dur ing  t h e  
f l i g h t  of Soyuz 9  and Sa lyu t  a r e  t o o  scanty .  

A d e f i n i t e  stress of  t h e  c i r c u l a t o r y  appara tus  can be no ted ,  
e s p e c i a l l y  i n  performance of  t h e  f u n c t i o n a l  tests. Apparently,  with 
i n c r e a s e  i n  space f l i g h t  d u r a t i o n ,  decondi t ioning of t h e  cardio-  
v a s c u l a r  appara tus  p rogresses ,  and t h e  o r t h o s t a t i c  t o l e r a n c e  1 3 3 7  



naturally decreases. The causes of this, as has already been pointed 
out, are the absence of hydrostatic pressure of the blood and hypo- 
dynamia under weightless conditions. 

It. must be noted that all these disruptions develop, despite 
use of various prophylactic means by the astronauts, which were 
developed on the basis of results of ground experiments with 
simulation of weightlessness. We apparently also are faced here 
with the dialectic struggle of opposites: the use of prophylactic 
means is directed towards preservation of the "ground" level of 
functioning of the body, which leads to considerable mismatch of the 
regulatory functions of the body which are adapted to weightlessness. 
Work should still be done in this area, in order to find the optimum 
methods and times for intervention in the adaptation processes. 
Shifts in metabolism are followed quite clearly during this period. 
Thus, after the 18-day flight of A.  G. Nikolayev and V. I. Sevast'yanov, 
a tendency toward increase in loss of potassium and sodium by the 
body, an increase in elimination of phosphorus and residual nitrogen 
and also an increase in protein globulin fractions in the blood were 
observed (V. I. Legen'kov, 1971, 1972). Similar changes permit the 
thought that there is the phenomenon of considerable activation of 
protein breakdown in the body tissues. The majority of investiga- 
tors are inclined to explai~ the tissue catabolism by the reduction 
in motor activity in weightlessness (hypodynamia), with which we have 
to agree. merican investigators propose using corrective nutrition, 
to decrease catabolism, in which an adequate amount of potassium is 
introduced into the body. Wing to use of the potassium diet and 4 
the prescription of potassium preparations, the incipient disturbance 4 
of cardiac conductivity of the Apollo 16 crew members was success- 
fully remcved. 

In adaptation period IV, no unfavorable shifts in the analyzer 
systems or progress in them were noted. However, they cannot be 
excluded, which is indicated by certain results of simulated weight- 
lessness experiments on earth. 

The fact of a marked reduction in intraocular pressure, a 
decrease in pressure in the central artery of the retina and certain 
changes in accormodation merit attention and require further study. 

On the whole, this stage of adaptation is characterized by 
development of subcompensated general fatigue and asthe~ization of 
the body, development of which is favored to a great extent by the 
progress of symptoms of chronic desynchronosis (B. S. Alyakrinskiy, 
1972). 

Division of the adaptation process into stages, bf course, does 
not reflect the completeness of adaptation of the entire body to 
weightlessness and other conditions of space flight. This scheme 
of adaptation of the body to changes in external conditions does not 
pretend to be complete, without error or conclusive, since much is 
still unclear in the data used to construct the theory of adaptation, 



in connection with which, a number of explanations and discussions 
are based on hypothetical situations. It still is difficult at 
present to even tentatively suggest, with a sufficient degree of 
probability, what will take place upon a considerable increase in 
duration of space flights (4-6 months and more), since the possibility 
is not excluded, on the one hand, of development of the subsequent 
adaptation stage V, the stage of stable homeostasis and, on the 
other hand, aggravation of the adaptive changes, as a result of 
prolongation of adaptation stage IV, t.he stage of unstable homeo- 
stasis. Only time and experience of future space flights will /338 
answer all the questions, as to the nature and peculiarities of 
adaptation of the body to weightlessness. 

However, on the experience of already existing data, it can be 
stated confidently that adaptation of the body to weightlessness is 
inescapably accompanied by the development of "adaptation sickness." 
The cause of this disease is disruption of the biological rhythm in 
weightlessness. The symptoms and course, even with insufficient 
study of them, have characteristic peculiarities. A radical measure 
of prophylaxis and treatment apparently is creation of artificial 
gravitation in the spzcecraft. 

In our opinion, the basic internal contradiction in development 
of adaptation is the permanent conflicting parameters of regulation 
of the ultimate adaptive effect. In all stages of adaptation 
exa~~ined, the adaptive reactions can be both useful and harmful for 

k $ the body, in a specific sense, since they disrupt its normal b 

(accustomed) functioning. The catabolic processes in the tissue, 
in particular, are among such pathological reactions. 

Atrophic and degenerative processes not only lead to norpho- 
logical changes, but can promote an unusual intoxication. The 1atte'- 
can aggravate the functional changes, unfavorably affecting the 
performance capacity of a man. 

It would appear tnat space flight experience indicates the 
opposite: as a rule, the astronauts speak of retention of adequate 
perfor~ance capacity for the duration of the entire flight. In any 
case, in brief flights, they aid not note a decrease in it (N. M. 
Sisakyan, V. 1. Yazdovskiy, 1962, 1965, and others). However, this 
contradictioc is only apparent. Even with the absence of noticeable 
deviations in general, the performance capacity can be disrupted, 
because of that sense of unusual stress and fatigue, which many 
mention, incL.uding-astronauts B. B. Yegorov (1964) and K. P. 
Feoktistov (1964). On long flights, by the end of the second week 
of weightlessness, even with special recreation days set aside for 
the astronauts, they developed fatigue phenomena and, upon return 
to earth gravitation, a reduced tolerance of previously accustomed 
loads: a decrease in orthostatic tolerbnce, right up to loss of 
consciousness, a sense of increased gravitation of approximately 



2 g ,  even i n  t h e  prone  p o s i t i o n ,  etc. F a t i g u e  sets i n  s t i l l  more 
r a p i d l y  when working i n  s p a c e s u i t s .  Of c o u r s e ,  t h e  deg ree  of  change 
I n  performance c a p a c i t y  w i l l  depend on t h e  deg ree  of  e x p r e s s i o n  o f  
t h e  d i s r u p t i o n s  d i s c u s s e d  above. 

I t  shou ld  b e  no ted  t h a t  t h e  motor component of  t h e  o p e r a t i n g  
a c t i v i t y  o f  t h e  a s t r o n a u t s  i s  q u i t e  s imp le  and ,  w i t h  development of 
space  technology ,  it i s  b e i n g  s i m p l i f i e d  more and more. However, 
t h e  n a t u r a l  e f f o r t s  o f  s p a c e c r a f t  d e s i g n e r s  t o  s i m p l i f y  i n f o r m a t i o n  
d i s p l a y  sys tems  and a c t u a t o r  sys tems ,  u n f o r t u n a t e l y ,  l e a d s  t o  com- 
p l i c a t i o n  of  t h e  l o g i c  o f  t h e  c o n t r o l  system. The l a t t e r ,  of c o u r s e ,  
compl i ca t e s  t h e  menta l  a c t i v i t y  o f  an a s t r o n a u t ,  connec ted  w i t h  
a n a l y s i s  of t h e  s i t u a t i o n  and r a k i n g  a d e c i s i o n ,  s i n c e  t h e  a s t r o n a u t  
is  dep r ived  o f  d i r e c t  s u b j e c t - o b j e c t  p e r c e p t i o n  of t h e  s t a t e  o f  t h e  
c o n t r o l  system,  and h e  h a s  t o  do  o n l y  w i t h  an  i n f o r m a t i o n  model o f  
it. T h i s  c i r cums tance  p l a c e s  h i g h  r equ i r emen t s  on o p e r a t i n g  t h i n k i n g  
of  t h e  a s t r o n a u t ,  s i n c e  it is  t h e  most l a b i l e  l i n k  i n  t h e  a n a l y t i c a l -  
s y n t h e t i c  a c t i v i t y  and ,  under  f l i g h t  c o n d i t i o n s ,  it is  "broken" 1 3 3 9  
e a s i e s t  o f  a l l ,  w i t h  development o f  f a t i g u e .  

A t  t h e  same time, t h e  r e s u l t s  of t h e  f l i g h t s  performed i n d i c a t e  
q u i t e  complete  e x e c u t i o n  o f  t h e  f l i g h t  program by t h e  a s t r o n a u t s .  
One o f  t h e  f a v o r a b l e  c o n d i t i o n s ,  making it p o s s i b l e  f o r  t h e  a s t r o -  
n a u t s  t c  cope w e l l  w i t h  a s s ignmen t s ,  i s  t h e  performance o f  a l i  
o p e r a t i o n s ,  a s  a  r u l e ,  i n  q u i t e  s h o r t  i n t e r v a l s  o f  time and i n  a  
d e f i n i t e  sequecce.  

With f u r t h e r  compl i ca t ion  o f  t h e  a c t i v i t i e s  o f  a s t r o n a u t s  
( i n c x e a s e  i n  number o f  work o p e r a t i o n s ,  t h e  t i m e  f o r  c a r r y i n g  them 
o u t ,  t h e  n e c e s s i t y  f o x  s i m u l t a n e o u s l y  per forming  s e v e r a l  o p e r a t i o n s  
i n  a d e f i n i t e  t i m e  l i m i t a t i o n  on accomplishment o f  them, e t c . ) ,  
e s p e c i a l l y  when working i n  t h e  unsupported p o s i t i o n  o r  i n  a s i g n i f i -  
c a n t  i n c r e a s e  of  autonomy (duration) o f  f l i g h t s ,  when planned and 
u r g e n t  p r o p h y l a x i s  and r e p a i r  of t e c h n i c a l  sys tems  and equipment is 
u ~ a v o i d a b l e ,  it  shou ld  b e  expec ted  t h a t  s h i f t s  i n  t h e  f u n c t i o n a l  
s ta te  of  t h e  body may show up on t h e  e f f i c i e n c y  and r e l i a b i l i t y  of  
a c t i v i t i e s  more s t r o n g l y  t h a n  up t o  now. T h i s  must be t aken  i n t o  
account  i n  o r g a n i z i n g  f u t u r e  l o n g  space  e x p e d i t i o n s .  

P r e s e r v a t i o n  of Performance Capac i ty  of  
A s t r o n a u t s  

N a t u r a l  b i o l o g i c a l  a d a p t a t i o n  t o  w e i g h t l e s s n e s s ,  as was p o i n t e d  
o u t  above, owing t o  i t s  d u a l i t y  and t h e  p o s s i b i l i t y  of  development of 
" a d a p t a t i o n  s i c k n e s s , "  canno t  e n s u r e  p r e s e r v a t i o n  of homeos tas i s  i n  
a  man, bo th  under f l i g h t  c o n d i t i o n s  and ,  e s p e c i a l l y ,  upon h i s  r e t u r n  
t o  e a r t h  c o n d i t i o n s .  The un favorab le  consequences  o f  w e i g h t l e s s n e s s  
were d i s p l a y e d  p a r t i c u l a r l y  c l e a r l y  a f t e r  t h e  18-day f l i g h t  o f  
A. G. Nikolayev and V.  I .  Sevas t 'yanov;  t h e r e f o r e ,  on t h e  t h r e s h o l d  o f  



still longer flights, the problem of the necessity of improving the 
means and principles used, and development of new ones, for pro- 
phylaxis of the unfavorable effects of flight conditions became still 
more urgent. 

:in this work, it must be considered that the physiological 
deferse-adaptive processes at a definite phase of development may be 
transformed into pathological processes, which also are adaptive- 
adjusting, but stop being protective. The essence of the problem 
is vhether the body should be assisted in adapting to 
weightlessness more rapidly and more completely, or must an arsenal 
of resources be developed and used, which would regulate the adap- 
tation procese, interfering with its completion. 

At the present time, particular attention is given to problems 
of selection and training in the training of crews, As previously, 
the requirement of preservation of the level of performance under 
space flight condition:, first and foremost, under weightless 
conditions, remains decisive in selection of candidates for flights. 
This is achieved by familiarization of astronauts with the effects 
of flight conditions, increasing their functional capabilities, by 
means of special medical training, and also working out the necessary 
work skills in brief weightlessness or simulation 0.E it. As 
experience has shown, these measures are quite sufficient for 
successful execution of the programs of brief space flights. 

i 

In our opinion, cht'nged requirements should be expected in - / 340  f 
the inmediate future, in the selection and some training of crew 
members. Requirements for selection of flight candidates should be 
more individual. With inclusion of narrow specialists in expedi- 
tiom,the "semiuniversalism" of the astronauts, creating additional 
difficulties in their professional training, will disappear. In this 
case, the qualifications of the astronauts will become narrower and 
their reliability, as links in the spacecraft control system 
will obviously increase. 

In a long space flight, a whole set of prophylactic measures 
may be used, and are being used, directzd toward preservation of the 
health and naintenance of the performance ability of a man. This 
set includes cmanon measures (selection of the optimum work and  rest 
schedule, execution of hygienic procedures and special physical 
exercises), the use of pharxnacolog~cal agents, concitioning of the 
cardiovascular apparatus, etc. In the pexiod of preparation for 
a flight and in the initial stages of adaptation, a specially 
selected set of hormone and pharnacological preparations should, in 
all likelihood, be used. Subsequently, especially in the atage of 
unstable equilibrium of homeostasis, when predominance of catabolism 
over anabolism is observed, the use of anino acids and means of 
stimi~lating hernopoiesis apparently Is necessary. At this time, as 
a consequence of considerable loss of trkce elements by the body, 
compensation for these losses, using corrective nutrition, is advis- 
able. 



I n  c o ~ n e c t i o n  w ~ t h  phenomena o f  d e c o n d i t i o n i n g  o f  t h e  suppor t -  
muscle a p p a r a t u s  and c a r d i o v a s c u l a r  system,  t h e  u sa  o f  t h e  p h y s i c a l  
workloads and n e g a t i v e  p r e s s u r e  on t h e  lower h a l f  o f  t h e  body i s  
comple te ly  v a l i d  and l a w f u l ;  t h e s e  may a s s i s t  i n  p r e p a r a t i o n  o f  t h e  
human body f o r  r e t u r n  t o  e a r t h  g r a v i t y  c o n d i t i o n s ,  t o  some e x t e n t ,  
i n  p a r t i c u l a r ,  i n  r e t e n t i o n  o f  o r t h o s t a t i c  t o l e r a n c e .  However, 
a l l  t h e s e  p r o p h y l a c t i c  measures  (undoubtedly n e c e s s a r y  a t  t h i s  s t a g e  
of  development o f  a s t r o n a u t i c s )  may be ,  i f  you p l e a s e ,  one of  t h e  
main c a u s e s  of  t h e  o n z ~ r  o f  d e v e l ~ p m e n t  of  t h e  u n s t a b l e  homeos tas i s  
s t a s e .  E v i d e n t l y ,  w i t h  i n c r e a s e  i n  f l i g h t  d u r a t i o n ,  t h e  u n s t a b l e  
homeos tas i s  s t a ? e  w i l l  beg in  and w i l l  depend on t h e  d u r a t i o n  o f  t h a t  
p e r i o d ,  d u r i n g  which t h i s  t y p e  of p r o p h y l a c t i c  l oad  w i l l  b e  used ,  
and t h e  expression of t h e  body r e a c t i o n s  h ~ r e  w i l l  b? 2 e t e r n i n e d  by 
t h e  intefisity cf these Icads. 

Consider ing  t h a t  a  l o s s  o f  mass o f  t h e  s k e l e t  . i s c u ~ a t u r e ,  
e s p e c i a l l y  t h a t  o f  t h e  lower  l imbs ,  i s  observed  'n -:e f l i g h t ,  
e l e c t r i c a l  s t i m u l a t i o n  o f  t h e s e  musc les ,  i n  a l l  l i k  . nod, w i l l  b e  
u s e f u l .  

I t  should  be no ted  t h a t  t h e  a r s e n a l  o f  p r o p h y l a c t i c  means 
l i s ted,  which a l r e a d y  a r e  used or w i l l  b e  used ,  may change and be  
si lpplementsd s i g n i f i c a n t l y  i n  t h e  f u t u r e .  T h i s  is  connec ted  w i t h  
t h e  f a c t  t h a t  nzny e c o l o g i c a l  f . l z ? c r s  o f  l i v i n g ,  such a s  n o i s e  and 
v i b r a t i o n ,  t h e  i o n i c  compos i t ion  o f  t h e  a i r  environment ,  i o n i z i n g  
r a d i a t i o n ,  e tc . ,  s t i l l  have been s t u d i e d  i r . s u f f i c i e n t l y ,  and t h e y  
are n o t  g iven  t h e  neces sa ry  importance.  

As space  f l i g h t  exper ier .cc  h a s  shown, p a r t i c u l a r  a t t e n t i o n  
shou ld  b e  g iven  t o  t h e  ~ ? o r k  and rest s c h e d u l e s  of  t h e  a s t r o n a u t s .  
For  example, i n  t h e  op in ion  of  A.  G. Nikolayev (1970), t h e  pr imary 
r ea son  f o r  appearance o f  f a t i g u e ,  r educ ing  perfcrmance a b i l i t y ,  i n  
t h e  18-day f l i g h t  was t h e  " i n v e r t e d "  a c t i v i t y  s chedu le  o f  t h e  crew 
(work a t  n i g h t ,  s l e e p  by d a y ) .  O f  c o u r s e ,  i n  p l ann ing  s p a c e  f l i g h t  
programs, t h e  use  of  " i n v e r t e d "  or "mig ra t ing"  s c h e d u l e s  shou ld  j341 
be avoided ,  s i n c e  t h e  d i s r u p t i o n  o f  b i o l o g i c a l  rhythms i n  t h e  body 
systems w i l l  b e  more deep-sea ted ,  i n  t h i s  c a s e .  

S ince  t h e  c a p a b i l i t i e s  o f  t h e  human bo2y have l i m i t s ,  t o g e t h e r  
w i t f i  improvenient i n  t h e  d i v e r s e  means cf p r o p h y l a x i s ,  expanding t h e  
f u n c t i o n a l  c a p a b i l i t i e s  o f  t h e  body, no less a t t e n t i o n  must be g iven  
t o  t e c h n i c a l  improvements of  t h e  work p l a c e s  i n  s p a c e c r a f t .  

The m a t e r i a l s  p r e s e n t e d  on t h e  s t a g i n g  o f  t h e  changes i n  t h e  
f u n c t i o n a l  s t a t e  o f  t h e  pr imary sys tems  and t h e  phas ing  o f  some 
i n d i c e s  of  o p e r a t i n g  e f f i c i e n c y  i n  space  f l i g h t  t a k i n g  p l a c e  i n  t h e  
body show t h a t  t h e  dynamics of t h e  o v e r a l l  s t a t e  and performance 
l e v e l  d e s c r i b e d  have s p e c i a l  f e a t u r e s ,  which are s p e c i f i c  t o  t h e  
new p r o f e s s i o n ,  t h e  p r o f e s s i o n  o f  a s t r o n a u t .  



Thc uniqueness of the phasing of changes in operating efficiency 
of an astronaut is that, beside the normal daily phases (the ability 
to work in, optimum performance capability, subcompensation, etc.), 
similar "second order" phzses are manifested, extending over the 
entire duration of the flight and definitely connected with the 
stages of adaptation to weightlessness and the set of other unfavor- 
able flight conditions. Since a quite clear tie-in of the stages 
to flight duration is traced, the "second ordez" phases also are 
tied to flight time. Depending on the duration of a space flight, 
some phases may not appear. The phenome~~a of desynchronosis, and 
also the fact that "he refreshing effect of sleep is weakened under 
spacecraft conditions, are of definite importance for developnent 
of these phases and stages. The effect of nervous-emotional stress, 
and the effect of livability of the spacecraft are superimposed on 
this. In connection withthis,by the end of the flight, a gradual 
accumul.ation of fatigue sets in, which also shows up in performance 
capar ,y. 

In the near f::ture, apparently, as at the present time, the 
search should go in two main directions: 

-- technical improvements of space flight vehicles (improvement 
of livability, dynamic characteristics of the spacecraft, efficiency 
of the workplaces, optimization of the display and control systems, 
etc.) ; 

-- optimization of the schedules and conditions of work and 
rest of the crews, as well as development and improvement of the 
system of means and methods of prevention of the development of the 
unfavorable changes in the body and expafiding its functional 
capabilities. 

Successful solution of the numerous tasks of the general 
problem of "man and space" is impossible, without accumulation of 
data on the changes taking place in the body, durin? a long stay 
in space, without creation of a strict, scientifically valid theory 
of human adaptation to space flight conditions. 

3. Astronaut Activity in Weightlessness 
and Unsupported Space N75 23132 
The first research on performance ability of a man began in 

brief weightlessness, which was created by aircraft flights along 
a parabolic trajectcry, snd which lasted about 25-30 sec. The 
majority of these studies were of a test nature (L. A.  Kitayev- /342 
Smyk, 1963, 1965; I. I. Kas'yan, 1963; Gerathewohl, 1957; Gerathe- 
wohl, Ward, 1960; Geser, 1961, and other-s). The work of L. A.  
Kitayev-Smyk (1965) is also of interest, from the fact that elements 
of the occupational activity of a man were analyzed in it: putting 
on and removal of the parqchute shroud system. These studies 
showed that, under weigf -ess conditions, movement coordination is 



d i s r u p t e d ,  t h e  time f o r  performance o f  some component motor a c t s  
i s  shor tened and t h e  motor r e a c t i o n  time i n c r e a s e s .  The a u t h o r s  
connect  t h e s e  changes w i t h  d i s r u p t i o n  of t h e  f u n c t i o n s  of t h e  v i s u a l  
and motor ana lyze r s ,  a s  w e l l  a s  w i t h  t h e  e f f e c t  of  t h e  so -ca l l ed  
c e n t r a l  i n t e g r a t i o n ,  A s tudy  of sensorimotor  coord ina t ion  i n  
prolonged we igh t l e s sness  was c a r r i e d  o u t  i n  t h e  f l i g h t s  of Vostok 3 
and Vostok 4 (V. I. Yazdovskiy, e t  a l . ,  1963);  however, t h e  tests 
used were n o t  p r e c i s e l y  propor t ioned and, t h e r e f o r e ,  t h e  r e s u l t s  
ob ta ined  were, t o  a c e r t a i n  e x t e n t ,  of a s u b j e c t i v e  na tu re .  Th i s  
d i c t a t e d  t h e  n e c e s s i t y  f o r  nore  e x t e n s i v e l y  developing s t u d i e s  of  
performance a b i l i t y  o f  an a s t r o n a u t  i n  a long space f l i g h t  and 
e x t r a v e h i c u l a r  a c t i v i t y  of  a man, i n  which we igh t l e s sness  emerges 
i n  a q u a l i t y  new t o  it, t h e  " e f f e c t  of  unsupported space." 

For t h e  purpose of s tudy  of  t h e  performance a b i l i t y  of a human 
o p e r a t o r  i n  prolonged we igh t l e s s  c o n d i t i o n s ,  t h e  fo l lowing methods 
were used: 

-- psychophysiological  a n a l y s i s  of c e r t a i n  opera t ions ;  

-- s tudy  of t h e  dynamic c h a x a c t e r i s t i c s  of  a man, included 
i n  a model c o n t r o l  system, w i t h ' a i r e c t  and delayed feedback;6 

-- e v a l u a t i o n  of  t h e  s i n g u l a r i t i e s  of a n a l y s i s  and q u a l i t y  o f  
t h e  working memory, i n  xorking w i t h  o u t l i n e s  o f  p a t t e r n e d  and 
random l i n e s ;  

-- biomechanical. a n a l y s i s  of  s p a t i a l  e r i e n t a t i o n  and motor 
a c t i v i t y  i n  unsupported space. 

The group of ques t ions  involved appears ,  a t  f i r s t  g lance ,  t o  be 
ve ry  e x t e n s i v e  and mmy-sided; however, i n  t h e  work, it was l i m i t e d  
t o  t h e  problem of performance of  a reasonable  occupa t iona l  a c t i v i t y  
by t h e  a s t r o n a u t ,  under cond i t ions  of prolonged we igh t l e s sness .  
Desp i t e  t h e  cons ide rab le  a b s t r a c t n e s s  of  some methods, t h e i r  
g e n e r a l i t y  c o n s i s t s  of t h e  f a c t  t h a t  they  assume examination of  t h e  
cond i t ion  of  t h e  body of  t h e  a s t r o n a u t  included i n  t h e  c o n t r o l  
system. 

The r e s u l t s  of  s t u d i e s  i n  b r i e f  we igh t l e s sness  providing f o r  
performance of  both  i n d i v i d u a l  " a c t i v i t y  e l e n e n t s "  ( A t z l e r ,  1927) 
and of some o p e r a t i o n s ,  demonstrated t h e  g r e a t  compensatory capa- 
b i l i t i e s  of man i n  coord ina t ion  of  elementary motor acts. I t  a l s o  
was noted t h a t  t h e  handwrit ing of t h e  a s t r o n a u t s  improved from 
o r b i t  t o  o r b i t  (0. G. Gazenko, 1961 ;  A, I. Mantsvetova, 1965; 1343 
N. M. Sisakya~ 1965). 

6 ~ h e  work was conducted j o i n t l y  wi th  P. I. Belyayev, A. A. 
Leonov and V. K. F i losofov  (1966).  

3 & 4 



The crew members of Voskhod and Voskhod 2  did  no t  encounter 
p a r t i c u l a r  d i f f i c u l t i e s  i n  performing the  program of working 
manipulations assigned t o  them. However, i n  ana lys i s  of t h e  t i m e  
spent  i n  performing a number of operat ions  ( spacecraf t  con t ro l  
work, execution of medical manipulations, e t c . ) ,  a s  w e l l  a s  i n  
l o g i c a l  t e s t s ,  it turned ou t  t h a t ,  a t  t h e  s t a r t  of  t h e  f l i g h t ,  t h i s  
t i m e  increased somewhat over t h e  r e s u l t s  of ground s t u d i e s  o r  t h e  
t i m e ,  which an as t ronaut  used t o  perform t h e  same manipulations i n  
subsequent s t ages  of t he  f l i g h t .  Thus, f o r  example, i n  t h e  second 
o r b i t ,  V. M. Komarov used approximately twice t h e  t i m e ,  connected 
with o r i e n t a t i o n  of t h e  c r a f t ,  a s  i n  ~ucceed ing  o r b i t s  o r  on e a r t h  
( i n  t h e  t r a i n i n g  spacecraf t )  (Fig. 9 2 ) .  The same w a s  noted of 
B. B. Yegorov, i n  performing almost a l l  medical manipu?ations. 
It is  possible  t h a t ,  toge ther  with t h e  e f f e c t  of weightlessness,  
t h i s  is explained by t h e  e f f e c t  of ex t e rna l  i n h i b i t i o n ,  a s  a 
consequence of t h e  novelty of t h e  s i t u a t i o n .  Thus, P. R. Popovich 
emphasized t h a t  t he  novely of t he  f e e l i n g  i n  weightlessness causes 
some stress i n  performance of work. 

orbi t  05 iliqht 
Day of  raining 

The change i n  s t r u c t u r e  of t h e  
s k i l l s ,  which were observe2 i n  ana lys i s  
of radiocommunications c a r r i e d  ou t  by 
P. I. Belyayev and A. A.  Leonov, a r e  
i n t e r e s t i ng .  The crew of Vostok 2 
pr imari ly  used radiotelephone communi- 
ca t ions  f o r  transmission and recept ion 
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of information. Only a t  ind iv idua l  
s tages  of t h e  work d id  they use t rans-  
mission of  sho r t  radiote legraph 
messages, using t h e  r egu la r  te legraph 
key. 

Fig. 92. T i m e  of execution The psychophys~.ological charac te r i s -  
of spacecraf t  o r i e n t a t i o n  t i c s  of t h e  s k i l l  of carrying ou t  com- 
by V. M. Komarov i n  space munications was based on da t a  of  ana lys i s  
f l i g h t  (a) and i n  t r a i n i n g  of t h e  magnetic Cape recording of 
exerc i se  on e a r t h  (b). r ad io  exchanges between the  crew and 

ear th .  A s  a con t ro l ,  recordings of 
conversations c a r r i e d  out  i n  t h e  hea t  

and pressure  chamber, while working ou t  t he  d i r l ock  operat ions  and 
e x i t  of t he  second p i l o t  t o  open space, performed on a r e a l  time 
s c a l e ,  were used. The organizat ion of communications meant working 
ou t  a c l e a r  s tereotype of a r epo r t ,  which, a s  usual ly  is done, 
included the  c a l l  l e t t e r s  of  t h e  correspondents, h i s  c a l l  letters,  
Moscow time and t h e  t e x t .  While performing operat ions  i n  t h e  heat  
and pressure  chamber, t h i s  r epo r t  s te reo type  was not  v io la ted .  I n  
t h e  a c t u a l  f l i g h t ,  t h i s  s te reo type  was maintained, with respec t  t o  
e a r t h  condi t ions ,  i n  only 35% of t he  cases.  This is explained,  not  
only by the  e f f e c t  of weightlessness,  but  by the  combined e f f e c t  of 



all the other space flight conditions on the c1,ndition of the 
astronauts. 

The qualitative and structural changes in the skill of radirj- 
telegraph communications, which is a more delicate form of coordi- 
nated motor activity, is mo:e indicative, with respect to tho 
problem being discussed. The instructor usually obtains the even 
"handwritingn of the radio operator from a student, in teaching 
radiotelegraphy. This "handwriting" is characterized by a stand:-rd 
dimension between the individual elements of the Morse code symbols. 
This phenomenon was reached, in its stable form, by the astronauts, 
by means of training exercises on earth. Nevertheless, the first 
study in flight showed that the disproportion of the work of the 
hanii in transmitting Morse code by the key leads to disorganizatL~n 
of the skill: the break between elements of a symbol doubled, and 
the dash was somewhat drawn out. 

The second study of this skill was conducted after 6-7 hours of 
stable weightlessness. Under these conditions, the average time 
of the dots and the intervals between elements of a symbol were 
identical, and the entire symbol was transmiti~d in somewhat com- 
pressed form. It should be noted that a more complex action than 1 3 4 4  " 

the dot stroke on the key, sending a dash, is drawn out, nevertheless. 
This study confirms the necessity for use of occupational trainers 
in long space flights. 

i 

The work of the astronauts in more complicated algorithms was 
somewhat subject to change during activities in prolonged weight- 
lessness. The most interesting fine changes in this respect are 
found in a psychophysiological analysis of the work of both crew 
members of Voskhod 2, during the period of going through the airlock 
and the extravehicular activity of the second pilot. 

Performance Capacity in Unsupported Space 

In accordance with the flight program for accomplishing 
operations, connected with ensuring the extravehicular activity of 
the second pilot, 120 min of opcational time were set aside. In 
this period, movement through the airlock had to be accomplished 
along the route: spacecraft, airlock chamber, space and return. 
Moreover, in unsupported space, the astronaut had to execute free 
floating and assembly-disassembly work on the motion-picture unit. 
Even an approximate calculation of the so-called elements of work 
(Atzler, 1927) results in evaluating the activity of the astro- 
nauts during this entire period as very saturated and intense. 
Thus, P. I. Belyayev had to perform more than 50 purposeful motor 
acts, connected with a single finite purpose, and carry out 15 
monitoring operations; correspondingly, A. A. Leonov had to perform 
41 acts and 9 operations. It should be added that, during the same 
intervai of time, the crew conducted 460 radio conversations. 



An a n a l y s i s  of performance of  t h e  work a lgor i thm i n  f l i g h t  
was accomplished, by means o f  a q u a l i t a t i v e  comparison of  it w i t h  
t h e  same algor i thm,  b u t  accomplished on e a r t h ,  under h e a t  and 
p r e s s u r e  chamber cond i t ions .  The r e s u l t s  ob ta ined  showed t h a t  t h e  
crew o f  Voskhod 2 coped s u c c e s s f u l l y  w i t h  t h e  ass igned  t a s k & ,  Ln t h e  
whole. However, a t  i n d i v i d u a l  s t a g e s  o f  t h e  f l i g h t ,  some stress was 
observed, which was manifested a s  v a r i o u s  psychophysiological  
d i s r u p t i o n s .  These d i s r u p t i o n s  were caused,  n o t  only  by t h e  nove l ty  
and uniqueness of  t h e  t a s k  performed under w e i g h t l e s s  c o n d i t i o n s ,  
b u t ,  i n  some r e s p e c t ,  t o  coincidence  of t h e  s t a r t  of  t h e  set of 
o p e r a t i o n s ,  p repar ing  f o r  t h e  e x t r a v e h i c u l a r  a c t i v i t y ,  w i t h  t h e  
f i r s t  minutes c f  f i j g h t  of  t h e  c r a f t  i n  o r b i t ,  i .e . ,  on a b a c k g ~ ~ l u ~ d  
of  t r a c e s  of t h e  p r e c e d i n j  cr ~ t i o n a l  and p h y s i o l o g i c a l  stress of t h e  
first. encounter  wi th  weight lessness .  

The q u i t e  marked s t a t e  of  stress of t?e a s t r o n a u t s  was r e f l e c t e d  
jli f e a t u r e s  of t h e  emotional  c o l o r i n g  of  t h e  rac?io t r a f f i c .  While, 
i n  t r a i n i n g  e x e r c i s e s  i n  t h e  h e a t  and p r e s s u r e  chamber, t h e  a s t r o -  
n a u t s  c a r r i e d  on t h e  necessary  conversa t ions  i n  s t r i c t  conformacce 
wi th  t h e  program, wi thout  us ing  joking express ions ,  jokes and color-  
f u l  comparisons appear  i n  t h e  conversa t ions  i n  t h e  a c t u a l  f l i g h t .  

The s t a t e  of  s t r e s s  of t h e  a s t r o n a u t s  can a l s o  be judged by 
changes i n  t h e i r  b a s i c  phys io log ica l  f u n c t i o n s  (Fig. 9 3 ) .  Data on 
t h e  p u l s e  r a t e  and r e s p i r a t o r y  cyc le  dynamics a r e  p resen ted ,  on a 
background o f  s i m i l a r  d a t a  ob ta ined  dur ing  t r a i n i n g  e x e r c i s e s  i n  
t h e  barochamber. The graphs encompass t h e  f l i g h t  t i m e  betwee 11 hours . 
15 min and 11 hours 57 min, i .e . ,  17  min be fo re  openii-g t h e  ha tch  /345 
of t h e  a i r l o c k  chamber and 8 min a f t e r  c l o s i n g  it. I n  t h e  upper p a r t  
of t h e  f i g u r e ,  dur ing  t h e  a c t u a l  s t a y  of  A. A.  Leocov i n  space ,  t h e  
main landmarks of  t h e  radio te lephone conversa t ions  of P.  I. Belyayev 
and A. A. Leonov a r e  shown, t ime-synchronized, which g i v e s  a r ep re -  
s e n t a t i o n  of t h e  crew a c t i v i t i e s  i n  t h i s  segment o f  t i m e .  A t o t a l  
o f  135 rad ioconversa t ions  was c a r r i e d  on i n  t h i s  per iod .  

A t  7 min b e f o r e  opening t h e  a i r l o c k  chamber ha tch  and t h e  
f i r s t  acquaintance of  A.  A. Leonov wi th  open space ( 'The ha tch  i s  
open, I see l i g h t ! " )  h i s  p u l s e  v a r i e d  from 87 t o  90 p e r  minute,  n o t  
exceeding t h e  va lues  recorded a t  t h i s  s t a g e  i n  t h e  h e a t  and p r e s s u r e  
chamber. 

Thus, t h e  work o f  going through t h e  a i r l o c k  and movement of  t h e  
a s t r o n a u t  from t h e  sp*.cecraft  i n t o  t h e  a i r l o c k  chamber, invo lv ing  
p h y s i c a l  work under we igh t l e s s  c o n d i t i o n s ,  d i d  no t  cause s p e c i f i c  
changes i n  h i s  cond i t ion .  However, immediately a f t e r  opening t h e  
ha tch ,  t h e  pu l se  r a t e  of A. A. Leonov begins  t o  i n c r e a s e ,  and i t  
i n c r e a s e s  by 60 b e a t s  i n  6 min, reaching 147-162. Tone I11 appears  
on t h e  seismocardiogram of  A. A. lleonov dur ing  t h i s  pe r iod ,  which 
a l s o  i n d i c a t e s  an abrupt  emotional s t r e s s .  The s p a c e c r a f t  commander 
behaves reasonably a t  t h i s  moment. Despi te  t h e  q u i e t  r e p o r t s  of 
A. A. Leonov, he a t t empts  t o  calm him: "Things are good, p u l s e ,  
r e s p i r a t i o n  good . . . be calm, every th ing  i s  i n  o r d e r  here .  The 
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Fig. 93. Heart raterof astronauts P. I. Belyayev and 
A. A. Leonov during extravehicular activity of A. A. 
Leonov in flight: 1. A. A. Leonov in flight; 2. P. I. 
Belyayev in flight; 3. 4, P. I. Belyayev and A. A. 
Leonov in heat and pressure chamber 

pressure in the cylinder is goor3, pulse, respiration excellent." 

Immediately after closing the airlock chamber hatch cov~r, the 
pulse rate of A. A. Leonov decreases from 160 to 138 beats in a 
minute, to 117 beats after 2 min, to 91 beats efter 4 min, i.e., 4 
min after entering the airlock, the pulse rate became normal. The 
respiration rate during this period correlated completely with the 
heart rate. The correlation coefficient was 0.85. As A. A. Leonov 
reported, entering the airlock, he had to make several turns in it, 
he turned his head, he moved energetically. These actions are of 
extreme interest, from the point of view of tolerance of multiplane 
turns in weightlessness. Performance of this operation by A. A. 
Leonov permits elimination, with sufficient objectivity, of the 
presence of any unpleasant subjective feelings of vestibular origin. 

In an analysis of the graph of the physiological functions of 
P. I. Belyayev in this same period of the flight, a different picture 
is noted. His highest heartrate was observed 7 min before opening 
the hatch. This moment exactly coincides with the most intense part 
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of  t h e  work o f  t h e  s p a c e c r a f t  commander. Thus, 20 min b e f o r e  opening 
t h e  ha tch ,  P. I. Belyayev c a r r i e d  on 30 rad io te lephone  conversa t ions ,  
t r a n s m i t t e d  two 10x13 radiotelephonograms t o  e a r t h ,  asked about  t h e  
s t a t e  of  h e a l t h  cf A. A. Leonov 5 times, v e r i f i e d  t h e  p r e s s u r e  i n  t h e  
systems, determined t h e  f l i g h t  l o c a t i o n  on t h e  globe. More than  t h a t ,  
he c a r r i e d  o u t  a series of  c r i t i c a l  o p e r a t i o n s  ( f i l l i n g  t h e  a i r l o c k  
chamber w i t h  oqcjen ,  opening t h e  v a l v e  i n  it, unsea l ing  t h e  ha tch ,  
e tc . ) .  Together w!.th t h i s ,  t h e  commander checked performance of  b o t h  
h i s  e c t i o n s  (by a s p e c i a l  i n d i c a t o r  dev ice )  and t h e  a c t i o n s  o f  t h e  
second p i l o t ,  g i v i n g  him t h e  command t o  p lug  i n  t h e  backpack, etc. 

A f t e r  opening t h e  ha tch ,  t h e  p t i l se  r a t e  o f  P. I. Belyayev began 
t o  dec rease  and, a f i ~  f i v e  minutes,  it reached t h e  l e v e l  noted  i n  
t h e  h e a t  and p r e s s u r e  chamber, i n  performing s i m i l a r  o p e r a t i o n s  
(94 per  minute) .  Subsequently,  dur ing  t h e  e n t i r e  t i m e  o f  t h e  s t a y  of 
t h e  second p i l o t  o u t s i d e  t h e  c r a f t ,  t h e  p u l s e  r a t e  of P. I. Belyayev 
was n o t  over  98  p e r  minute,  The c o r r e l a t i o n  between t h e  r e s p i r -  - /346 
a t i o n  and h e a r t  r a t e s  of  P, I. Belyayev was n o t  recorded i n  t h i s  p a r t  
o f t h e  f l i g h t  ( c o r r e l a t i o n  c o e f f i c i e n t  0.199).  The h i g h e s t  r e s p i r a t i o n  
r a t e  was noted  10 min be fo re  opening t h e  ha tch  ( 32  c y c l e s  pe r  minute) .  
The s h a r p  drop then  began, and t h e s e  f i g u r e s  h e l d  a t  t h e  same l e v e l ,  
wi th  very i n s i g n i f i c a n t  s c a t t e r  (+1 c y c l e  p e r  minute)  u n t i l  t h e  moment 
t h e  ha tch  was opened, n o t  exceed i r~g  t h e  f i g u r e s  ob ta ined  i n  work- 
i n g  o u t  t h e  t a s k  i n  t h e  h e a t  and p r e s s u r e  chamber i n  t h e  i d e n t i c a l  
s e c t i o n  ( 2 3  c y c l e s  p e r  minute) .  A f t e r  unseal ing ,  the  average 
r e s p i r a t i o n  r a t e  d i d  n o t  i n c r e a s e ;  however, t h e  s c a t t e r  of t h e  d a t a  
ob ta ined  inc reased  sharply .  

The a c t i v i t y  of an a s t r o n a u t  upon l eav ing  t h e  c r a f t  should have 
t aken  p l a c e  on a background of t h e  e f f e c t s  of  a  number of  unusual  
f a c t o r s ,  which it i s  impossible t o  reproduce i n  t h e  set on e a r t h  and 
dur ing  preceding space f l i g h t s .  F i r s t  and foremost ,  t h i s  concerns 
t h e  e f f e c t  o f  t h e  so -ca l l ed  unsupported space. Moreover, a  number of 
s p e c i a l i s t s  w e r e  i n c l i n c d  co cons ide r  t h a t  t h e  moment when t h e  
a s t r o n a u t  had t o  l eave  t h e  a i r l o c k  would be acc~mpanied  by phemonena 
of extremely marked stress, i n  connect ion w i t h  t h e  n e c e s s i t y  f o r  
overcoming t h e  "psychologica i  b a r r i e r , "  i n  a t t empts  t o  t a k e  a s t e p  
i n t o  i n f i n i t y .  

An a b s o l u t e  o r i g i n a l i t y  must d i s t i n g u i s h  t h e  p rocess  of s p a t i a l  
o r i e n t a t i o n  of  an a s t r o n a u t ,  under c o n d i t i o n s  of we igh t l e s sness  i n  
f r e e  space f l i g h t .  I n  t h e  preceding space f l i g h t s ,  s p a t i a l  o r i e n t a t i o n  
of  t h e  a s t r o n a u t s  was based on t h e  accustomed coord ina te  axes ("ap- 
down") and i n  t h e  f a m i l i a r  i n t e r i c r  of  t h e  cabin .  I t  can be  assumed 
t h a t  suppor t  i n  t h z s e  coord ina tes  a s s i s t e l  t h e  ashro-  
n a u t s  i n  enduring d e i g h t l e s s n e s s ,  t o  ti cons ide rab le  e x t e n t .  Upon 
going o u t  of  t h e  c r a f t ,  a  n u l t i p l i c i t y  of v a r i a n t s  of t h e  coordi-  /347 
n a t e s  can be assumed, f o r  s e l e c t i o n  of  t h e  "up-down" a x i s ;  t h e r e f o r e ,  
i n  prepar ing  f o r  t h i s  f l i g h t ,  t h e  l o n g i t u d i n a l  and t r a n s v e r s e  axes 
of t h e  c r a f t  were s e l e c t e d  and recommended t o  A.  A. Leoncv a s  the 
re fe rence  coordinates .  



The r e s e a r c h  program included performance o f  t h e  fo l lowing 
e x e r c i s e s :  d e p a r t u r e s  ( f l o a t i n g )  from t h e  c r a f t ,  pushing away from 
t h e  e x i t  a i r l o c k  w i t h  t h e  hands; approaches ( f l o a t i n g )  t o  t h e  c r a f t ,  
p u l l i n g  on t h e  t e t h e r ;  t u r n s  o f  t h e  body around t h e  c e n t e r  o f  mass t o  
ang les  o f  9 0 ° ,  with  t h e  suppor t  of  t h e  f l e x i b l e  t e t h e r ;  performance 
of  a number of  o p e r a t i o n s  (assembly and disassembly of t h e  motion- 
p i c t u r e  appara tus ,  e tc . ) .  

The i n - f l i g h t  experiment was preceded by a l a r g e  volume of  
ground t r a i n i n g  e x e r c i s e s .  They inc luded both t h e  set of p h y s i c a l  
e x e r c i s e s  on s p e c i a l  equipmect, an6 working o u t  t h e  motor a c t i v i t i e s ,  
i n  conformance w i t h  t h e  p lan  of  t h e  forthcoming s t u d i e s  i n  space ,  
conducted i n  s p e c i a l  tes t  s t a n d s  and i n  we igh t l e s sness  i n  t h e  
l a b o r a t o r y - a i r c r a f t ,  w i t h  a mock-up cf t h e  s p a c e c r a f t  i n s t a l l e d  i n  it. 
T:le t r a i n i n g  e x e r c i s e s  i n  t h e  a i r c r a f t  were necessary ,  f o r  working 
o u t  movement coord ina t ion  and t h a t  work a c t i v i t y ,  which t h e  a s t r o -  
naut  was faced u l t h  performing i n  we igh t l e s sness .  They made it 
p o s s i b l e  t o  a v a l u a t e  t h e  degree of  r e a d i n e s s  of  t h e  a s t r o n a u t s  f o r  
f l i g h t ,  znd, bes ides ,  t h e  r e s u l t s  o f  t h e  t r a i n i n g  e x e r c i s e s  were 
necessary  background m a t e r i a l .  

The motor a c t i v i t y  of  A. A. Leonov and h i s  body o r i e n t a t i o n  i n  
space upon e n t e r i n g  space w e r e  analyzed,  on a b a s i s  of  s p e c i a l  process-  
i n s  o f  m a t e r i a l s  of motion-pictuze photography, conducted by t h e  on- e 

3 
board motion-picture camera (24  frames pe r  second) .  Addi t iona l  i 

informat ion  was obta ined by i n t e r p r e t i n g  t h e  t a p e  record ings  of 
r a d i o  t r a f f i c  between A. A. Leonov and s p a c e c r a f t  commander P. I. 
Belyayev . 

I n  performing t h e  f i r s t  two e x e r c i s e s  i n  space ,  A.  A. Leonov 
accomplished t h r e e  movements zway from t h e  c r a f t  and t h r e e  approaches 
t o  it. I n  view of t h e  f a c t  t h a t ,  i n  a number of  c a s e s ,  t h e  a s t r o -  
naut  went o u t  of t h e  frame, only  two movements away fron; t h e  c r a f t  
and one approach were s u b j e c t  t o  complete a n a l y s i s .  For t h e s e  c a s e s ,  
a number o f  parameters  were c a l c u l a t e d ,  g i v i n g  a q u a n t i t a t i v e  
d e s c r i p t i o n  o f  t h e  movements. The d a t a  ob ta ined  were compared wi th  
t h e  pardineters dur ing  performance of t h e s e  same e x e r c i s e s  i n  t h e  
conciuding f l i g h t s  i n  t h e  l a b o r a t o r y - a i r c r d f t .  

Determination of t h e  r a t e  of  movement of t h e  a s t r o n a u t ,  i n  view 
o f  coincidence of  t h e  d i r e c t i o n  of  t h e  o p t i c a l  a x i s  of t h e  motion- 
p i c t u r e  camera l e n s  and t h e  d i r e c t i o n  of forward motion, was made, 
on t h e  b a s i s  of  s c a l e  changes of t h e  s ize  of t h e  images of  t h e  helmet,  
backpack and o t h e r  elements  of t h e  s p a c e s u i t ,  t h e  a c t u a l  dimensions 
of which a r e  known. E r r o r s ,  a r i s i n g  a s  a r e s u l t  of t u r n i n g  t h e  body 
around t h e  c e n t e r  of  mass, were e l i m i n a t e d  from t h e s e  d a t a  t o  t h e  
e x t e n t  poss ib le .  The c o r r e c t i o n  + A 1  was c a l c u l a t e d  from t h e  
r e l a t i o n s h i p :  

where r i s  t h e  d i s t a n c e  from t h e  c e n t e r  of mass of  t h e  a s t r o n a u t  t o  
t h e  element of t h e  s p a c e s u i t ;  a and Aa a r e  t h e  ang le  of t u r n  of t h e  



t 
C astronaut's body around the center of mass in the plane perpendicular 
$ to the plane of the frame, and the increment of this angle in one 

frame, respectively. 
i 
t The parameters of movement of the astronaut indicated above, 
8 for accomplishment of movement away from the craft in space and in 

j the aircraft arc presented in Fig. 94. Individual frames of the 
1. motion-picture record of the movement of A. A. Leonov away from the 
r craft and approach to it, on the basis of which the calculations 

mentioned above were made, are shown in Fig. 95. Analysis of the 
data presented shows that the characteristics of movement, in 
accorrplishing movements away from the craft in space differ 1 3 4 8  
little from the same characteristics in training exercises in the 
aircraft. In both cases, the time for execution of the movements 
away is 4 sec away. The same can be said of the time for execution 
of the approach to the craft, which was about 10 sec in both cases. 
The average movement xates differ somewhat more. This difference is 
20-30% of the rate in the aircraft flight, on the average, and the 
maximum differences reach 50%. 

Fig. 94. Change in path traveled (I), rates (v) and 
accelerations (q) of body of A. A. Leonov in third 
movement away from the craft during extravehicular 
activity (A) and during aircraft flights in weightless- 
ness (B). 





An estimate of the extent of preservation of the motor skills 
and movement coordination worked out on earth during extravehicular 
activity can be made, on a basis of a comparison of the maximum 
rates and accelerations of movement, as well as of the physical 
forces generated here. 

In our opinion, impacts of the astronaut on the craft during an 
approach may be dangerous. If, for example, it is assumed that the 
astronaut acquired torsion in approaching the craft and was deprived 
of the capability of softening the impact with the hands or legs, 
depending on how and with what he struck, the force of the impact 
may be quite significant. In an unfavorable case, an approach to 
the craft, even at a rate of 100 cm/sec, may cause an impact, with 
a force of 100-150 kg and more. These considerations were taken 
into account, in developing t h ~  exercises which the astronauts had I 

to perform in weightlessness. These same considerations determine2 I 

the number of ground and aircraft training exercises, which would 
give definite guarantees of the absence of unforeseen movements in 
flight. 

For a combined estimate of the quality of performance of the 
proposed exercises by the astronauts in flight, and for a comparison 
of their quality with the quality of performance of these exercises 
during training, a generalized quality criterion Kgen was proposed, 
which can be determined from the equality: 

where PTi is the required value of each of 
the parameters, Pi is the actual value of the parameters, and N is 
the number of parameters considered, which characterize the quality 
of performance of the exercise. 

With an expedient choice of the required parameter values, the 
quantity Kgen will equal 100%, only if the assigned requirements are 
completely satisfied and, on the other hand, it will always be less 
than loo%, if the requirements are partially satisfied. For example, 
to characterize the quality of performance of the approach to the 
craft, the following parameters were taken into consideration: 

-- duration AT  and the deviation Aa of body position of the 
operator, from the position characteristic of the required body move- 
ment in performing the exercise; 

-- total time for performance of ~xercise tp; 
-- time used in approaching the craft ta; 
-- total numbelr of exercises performed ntotal; 



-- number of  e x e r c i s e s  c o r r e c t l y  performed nc; 

-- number o f  g r o s s  e r r o r s  committed i n  performing e x e r c i s e s  ne. 

I n  t h i s  case ,  t h e  genera l i zed  q u a l i t y  c r i t e r i o n  of  performance 
of t h e  e x e r c i s e  K is  determined, i n  accordance w i t h  express ion  
( 4 )  , from t h e  relP??onship: 

where 

Values, equa l  t o  t h e  a c t u a l  ones o r  a l i t t l e  l e s s  than  them, 
i n  t h e  f i n a l  t r a i n i n g  e x e r c i s e s  i n  t h e  l a b o r a t o r y - a i r c r a f t ,  were used 
a s  t h e  r e q u i r e d  parameters.  

During t h e  approach of t h e  a s t r o n a u t  t o  t h e  c r a f t  being con- 
s i d e r e d ,  t h e  q u a n t i t i e s  have t h e  fo l lowing values :  Aa = 3-38', 
A T  = 2.17, t, = 7.5 sec; t 11 s e c ;  ne = 0, n t o t a l  = 1, c, = 1. 
I n  t h i s  c a s e ,  t h e  genera l iged  performance q u a l i t y  c r i t e r i o n  of t h e  
approach was 39.7%. 

I n  a camparison of  t h e  va lues  obta ined o f  q u a l i t y  of  pexformance 
of t h e  e x e r c i s e  i n  space wi th  t h e  q u a l i t y  of performance of  t h e  same 
e x e r c i s e  i n  t h e  l a b o r a t o r y  a i r c r a f t ,  du r ing  i t s  f l i g h t  a long a Kepler 
t r a j e c t o r y ,  it could  be noted t h a t  it is  below t h e  qua1:ty of A.  A. 
Leonov i n  t h e  l a s t  t r a i n i n g  e x e r c i s e s  (Kgen = 57-6081, b u t  h igher  
than  he  had i n  h i s  f i r s t  t r a i n i n g  e x e r c i s e s  (Kgen = 27-2813. It  can 
be s t a t e d ,  from t h e s e  r e s u l t s ,  t h a t  t h e  t r a i n i n g  e x e r c i s e s  c a r r i e d  
o u t  i n  we igh t l e s s  f l i g h t s ,  a s  w e l l  a s  i n  t h e  test  s t a n d s  s imula t ing  
unsupported space ,  had a s i g n i f i c a n t  f avorab le  e f f e c t  on formation of 
t h e  s k i l l s  of  c o n t r c l l i n g  o r i e n t a t i o n  and movement of t h e  Scdy i n  
open space.  The e x e r c i s e  performance q u a l i t y  i n  space ,  compared wi th  
i t s  performance i n  t h e  l a s t  t r a i n i n g  e x e r c i s e s ,  i f  it is taken a s  
l o o % ,  a s  i s  e v i d e n t ,  tu rned  o u t  t o  be lower by on ly  30-35%. 

90' tu rns  around t h e  v e r t i c a l  ; l - * i ~  o f  t h e  body were performed 
very w e l l  by A. A. Leonov. The time f o r  each t u r n  was n o t  over  2 sec. 
I n  t h e s e  t u r n s ,  a t t e n t - o n  i s  drawn t o  t h e  s k i l l  of  c o n t r o l l i n g  h i s  
movement, developed dur ing  t r a i n i n g  e x e r c i s e s  on e a r t h  and i n  a i r -  
c r a f t  f l i g h t s ,  hold ing t h e  t e t h e r  wi th  h i s  hand c l o s e  t o  t h e  c e n t e r  
of mass of h i s  body. This  is a necessary  c o n d i t i o n  f o r  c o r r e c t  per- 
formance of t h e  movement, and f a i l u r e  t o  observe  it can l e a d  t o  /350 
" t o r s i o n , "  i .e. ,  t o  uncontro l led  r o t a t i o n  of t h e  body, which i s  a very  
undes i rab le  phenomenon under we igh t l e s s  condit ior is .  The t u r n s  per- 



formed by A. A. Leonov a l s o  i n d i c a t e  good s p a t i a l  o r i e n t a t i o n  of  t h e  
a s t r o n a u t ,  p e r m i t t i n g  them t o  be c a r r i e d  o u t  t o  p r e c i s e l y  t h e  ass igned  
angle.  Nevertheless, a somewhat s i m i l a r  " t o r s i o n "  occurred  i n  f l i g h t ,  
when t h e  angu la r  v e l o c i t i e s  of body t u r n s  around t h e  s a g i t t a l  a x i s  
reached t e n s  of angu la r  degrees  p e r  second, and t h e  angu la r  acce le ra -  
t i o n s ,  hundreds of degrees  pe r  second p e r  secr?d. The changes i n  
ang le  of t u r n  of  t h e  body, angular  v e l o c i t i e s  and angular  a c c e l e r a t i o n s  
of t h i s  t u r n  ovcr  t i m e ,  i n  t h e  p lane  p a r a l l e l  t o  t h e  f o c a l  p lane  of 
t h e  motion-picture camera, a r e  r ep resen ted  g r a p h i c a l l y  i n  Fig.  96, and 
they  a r e  i l l u s t r a t e d  by a series of frames from t h e  motion-picture 
r ecord  o f  "t;orsion" (see Fig. 9 5 ) .  I n  analyzing t h e  graphs ,  it can 
b e  concluded t h a t ,  dur ing  t h i s  pe r iod ,  A. A. Leonov a p p l i e d  to rques  
t o  t h e  body of  up t o  10 k g .  T h i s  i s  p o s s i b l e ,  only  when t h e  a s t r o -  
n a u t  rzmoved h i s  hand and t h e  t e t h e r  t o  a s i g n i f i c a n t  d i s t a n c e  from 
t h e  c e n t e r  of mass of h i s  body, and which apparen t ly  l e d  t o  t h e  
observed t o r s i o n .  

2;g. 96. Time c b ~ n g e  of a n g l e s ,  angu la r  v e l o c i t i e s  
and angular  a c c e l e r a t i o n s  of  r o t a t i o n  of body of  A. A. 
Leonov dur ing  e x t r a v e h i c u l a r  a c t i v i t y  

A s  has a l r e a d y  been pointed  o u t ,  i n  unsupported and l i t t le-  
o r i e n t e d  space,  t h e  " s u b j e c t i v e  coord ina te  systemw of a man d i sappears  
(Klix,  19621, and t h e  concept ions  of "down" and "up" h o r i z o n t a l  and 
v e r t i c a l ,  which always a r e  f e l t  g r a p h i c a l l y  i n  normal l i f e ,  a r e  
completely terminated.  I n  c o r ~ l e c t i o n  wi th  t h i s ,  t h e  danger h a s  been 
expressed of  t h e  p o s s i b i l i t y  of l o s s  of s p a t i a l  o r i e n t a t i o n  by t h e  
second p i l o t  dur ing  t h e  e x t r a v e h i c u l a r  a c t i v i t y  i n  f l i g h t .  However, 
i n  t h e  e n t i r e  t i m e  of h i s  s t a y  i n  open space ,  A. A.  Leonov d i d  not/351 



l o s e  s p a t i a l  o r i e n t a t i o n ,  because  he  adhe red  t o  t h e  c o n d i t i o n s  of 
o r i e n t a t i o n  worked o u t  on e a r t h ,  de te rmined  by t h e  c o o r d i n a t e  a x e s  
of  t h e  c r a f t .  

The a s t r o n a u t  comple te ly  and c o r r e c t l y  performed a l l  s p e c i f i e d  
work d u r i n g  t h e  e x t r a v e h i c u l a r  a c t i v i t y .  He assembled and fits- 
assembled t h e  mot ion-p ic ture  u n i t ,  c a r r i e d  o u t  r a d i o  r epo r t inc j ,  made 
an i n t e r e s t i n g  p r o p o s a l  on t h e  e f f e c t  o f  h i s  movement on t h e  move- 
ment of  t h e  s p a c e c r a f t  and c a r r i e d  o u t  a  series o f  o b e e ~ v a t i o n s .  
On t h e  whole,  it can  b e  no ted  t h a t  t h e  i n t e n s e  work o f  o r i e n t a t i c m  
and movement o f  A. A. Leonov i n  s p a c e  w a s  n o t  s i g n i f i c a n t l y  r e f l e c t e d  
on t h e  remaining t y p e s  o f  h i s  a c t i v i t y  i n  t h i s  p e r i o d .  

Study o f  Working lrlenory 

From y e a r  t o  y e a r ,  t h e  a c t i v i t y  o f  an a s t r o n a u t  c o n t r o l l i n g  a  
modern s p a c e c r a f t  becomes more a ~ d  more corripilcatcd. F i r s t  and 

I 
foremost ,  t h i s  i s  t h e  complexi ty  o f  c o n t r o l  o f  t h e  s p a c e c r a f t  i n  t h e  
accustomed c o o r d i n a t e  system under  w e i g h t l e s s  c o n d i t i o n s .  I n  t h e  
f l i g h t  o f  Voskhod 2,  it became d i f f i c u l t  f o r  i n v e s t i g a t o r s  t o  
e v a l u a t e  a l l  t h e  c h a r a c t e r i s t i c s  o i  a c t i v i t y  c f  an a s t r o n a u t ,  by 
a n a l y s i s  o f  t h e  i - t u a l  performance o f  c o n t r o l  o p e r a t i o n s ;  t h e r e f o r e ,  
i n  t h e  phys io logy  o f  specework, t h e  procedure  a r d  methods of /352 
s c i e n t i f i c  p e r c e p t i o n ,  widespread  4.n t h e  g e n e r a l  phys io logy  of  work, 
i n  p a r t i c u l a r ,  t h e  modelins ' ~ !e thod ,  i s  beg inn ing  t o  be  used izare and 
riiOre . 

I t  appea r s  t h a t  j u s t  t h i s  method a s s i s t s  i n  r e v e a l i n s  t h e  
s t r u c t u r e  o f  t h e  f u n c t i o n i n g  o f  an a s t r o n a l ~ 4  , -;eluded i n  a c o n t r o l  
system,  i n  s n  unadapted s i t 1 i a t 5 0 n  unknowi. -.:. Ir.cin, w i t h  l o s s  o f  t h e  
accustomed g r a v i t a t i o n .  I n  t h i s  connec t ion ,  al: a t t e m p t  wee made t o  
n ~ o d e l ,  t r u e ,  ve ry  roughly ,  t h e  a c t i v i t y  of a  man, ir, wh,ich t h e  
working mtA1ory becomes o f  pr imary importance.  These s t u d i e s  were 
c a r r i e d  o u t  i n  t h e  f l i g h t  of  Voskhod, and  t h e y  were con t inued  i n  
t h e  f l i g h t  o f  P.  I. Belyayev and A. A. Leonov, as w e l l  a s  by t h e  
crews of t h e  Soyuz s p a c e c r a f t .  

I n  connec t ion  w i t h  t h e  i n a d e q u a t e  s t u d y  of  t h e  working memory 
o f  a  man, m a t e r i a l s  f r e q u e n t l y  a r e  propcsed f o r  c h a r a c t e r i z i s g  i t ,  
which c h a r a c t e r i z e  t h e  d i r e c t  memory. S i m i l a r  e l emen t s  o f  t h e s e  
two ,ypes cf mexr.ory a r e  t h e i r  b r i e f n e s s .  However, a x o r d i n g  t o  t h e  
d e f i n i t i o n  c,f P. I. Zinchenko and G.  V. Repkine (1964) ,  t h a t  b r s e f -  
n e s s  o f  memory which i s  i n c l u d e d  i n  any c o n c r e t e  a c t i v i ' , y  and 
c o n s t i t u t e s  t h e  c o n d i t i o n s  o f  i t s  s u c c e s s  is combined under  t h e  con- 
c e p t  o f  "working memory." 

I n  modern and,  what i s  more, i n  p r o s p e c t i v e  a i l tomatic  d e v i c e s ,  
a tendency h a s  been p r o j e c t e d  t o  change t h e  r equ i r emen t s  on t h e  
niotor a c t i v i t i e s  of  man. The motor t a s k s  a r e  be ing  s i n p l i f i e d  



s ign i f i can t ly :  press ing but tons ,  switching toggle  switches,  e t c .  
A t  t h e  same t i m e ,  t h e  information presenta t ion p i c t u r e  has been 
complicated sharply. Combined s i g n a l s  a r e  appearing, including l i g h t ,  
sound and o the r  elements, and t h e  rhythm of t h e i r  succession is 
being quickened. A l l  t h i s  s i g n i f i c a n t l y  changes t h e  requirements, 
a s  t o  t h e  amount and l a b i l i t y  of t he  working memory and i t s  r e s i s t ance  
t o  in terference.  I n  connection with t h i s ,  it seemed advisable  t o  
conduct a study of t h e  c h a r a c t e r i s t i c s  of t h e  dynamics of t h e  /353 
working memory of an as t ronaut ,  he being included !n t h e  working 
cycle ,  with ana lys i s  and reproduction of t h e  f i n i t e  r e s u l t .  

To produce equal ly  informative tests of remembering, an : . s t r a c t ,  
but  s t r i c t l y  proportioned volume of a c t i v i t y  was proposed. ' ~e 
as t ronaut  was given a s e r i e s  of ca rds  f o r  t h e  work, on which curves 
were p lo t t ed ,  cons i s t ing  of  two i d e n t i c a l  ou t l i nes .  The cards  were 
exposed f o r  a period of 1 minute. The t i m e  c h a r a c t e r i s t i c s  of t h e  
a c t i v i t y  and t h e  number of e r r o r s  made, both i n  ana lys i s  and i n  
reproduction of t h e  ou t l i nes ,  were recorded i n  t h e  t e s t .  Control  
s tud i e s  (102 men) showed t h a t  t h e  co r r e l a t ed  value (der iva t ive  of 
t he  performance t i m e  and work qua l i t y )  s a t i s f i e s  t h e  requirements 
of t h e  following expression: 

where Kgen is the  general ize2 q u a l i t y  c o e f f i c i e n t ,  t l  Is t h e  
ana lys i s  time i n  seconds, t 2  i s  t h e  reproduction t i m e  i n  seconds, 
k is a weighting f a c t o r  (k = 10 i n  t h e  present  s t u d i e s ) ,  n l  is the  
number of e r r o r s  i n  ana lys i s  and n2 i s  t h e  number of e r r o r s  i n  
reproduction. 

While ?reparing f o r  performance of t he  s c i e n t i f i c  research 
program i n  f l i g h t ,  each as t ronaut  c a r r i e d  ou t  12-16 t r a i n i n g  exer- 
c i s e s ,  during which he was presented up t o  70 t e s t  cards.  In a l l  
cases,  a s t a t l e  p la teau of t h i s  type of a c t i v i t y  was reached, which 
served as  the  primary con t ro l  da ta  base. 

Studies  by t h i s  procedure were c a r r i e d  ou t  wi th  as t ronauts  
B. B. Yegorov, P. I. Belyayev and A. A. Leonov. The r e s u l t s  
obtained a re  presented i n  Fig. 97. 

A s  is  eviuent from the  data  presented,  t h e  i . e su l t s  of t h e  
generalized qua l i t y  c o e f f i c i e n t  ~f a l l  as t ronauts ,  beginning with  t he  
5th and 6th t r a in ing  exerc i ses ,  a r e  es tab l i shed  a t  a s i n g l e  l e v e l ,  
and they do not  undergo s i g n i f i c a n t  change subsequently. The higher 
coe f f i c i en t ,  t he  b e t t e r  wcrking memory, was found i n  8. B. Yegorov. 
The coe f f i c i en t s  obtained i n  space f l i g h t  ( the  average da t a  of t h e  
e n t i r e  f l i g h t  were used) was lower i n  a l l  as t ronauts .  The g r e a t e s t  
reduction i n  f l i g h t  [compared with  t he  con t ro l  data  base) was 
observed i n  B. B. Yegorov, i n  which, judging by t h i s  r e s u l t ,  he has 
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Fig. 97. Comparative characteristics of working 
memories under earth and space flight conditions 

elements of an adaptive nature to the prolonged effect of weightless- 
ness (Fig. 98). Thus, while, in the first 10 hours of the flight, 
the working memory lability decreased regularly (the generalized 
quality coefficient reached a value of 0.02 by the 10th hour), there 
was a break after this, the same regular improvement. Unfortunately, 
a similar dynamic study was not conducted in subsequent flights, 
in which only momentary measurements were made. 

Thus, the results obtained 
show that space flight conditions, 

+, . 
C 

/' 
prolonged deightlessness in particu- 

al 
.A lar, decrease the lability of the 
0 
-4 memory, which can provisionally w w . be ascribed to the working memory, 
Q) 
o by all its characteristics. More- 
0 over, on the basis of the results 
3 ' \  of the study of B. B. Yegorov, 
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I lessness. 
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Fig. 98. Dynamics of working 
memory of B. B. Yegorov during 
space flight 



Study o f  Dynamic Motor C h a r a c t e r i s t i c s  

I n  t h e  f l i g h t  o f  Voskhod 2 and t h e  18-day f l i g h t  o f  Soyuz 9 ,  
t o g e t h e r  w i t h  s t u d y  o f  t h e  working memory o f  t h e  a s t r o n a u t s ,  a s t u d y  
was conducted o f  t h e  e f f e c t  o f  p ro longed  w e i g h t l e s s n e s s  on t h e  
dynamic motor c h a r a c t e r i s t i c s  o f  t h e  o p e r a t o r .  T h i s  problem P a r o s e  i n  connec t ion  w i t h  c e r t a i n  t a s k s  f aced  by e n g i n e e r i n g  psycho--0- 
gy i n  t h e  deve loping  s p a c e  technology .  E s p e c i a l l y  impor t an t  i n  t h i s  
r e s p e c t  i s  accumula t icn  o f  m a t e r i a l  on t h e  dynamic c h a r a c t e r i s t i c s  
o f  man, f o r  o p t i m i z a t i o n  o f  t h e  c o n t r o l  sys tems  o f  p r o s p e c t i v e  
maneuvering s p a c e c r a f t ,  accomplishment o f  s o f t  l a n d i n g s  o f  them on 
o t h e r  p l a n e t s ,  docking ,  etc. I n  connec t ion  w i t h  t h i s ,  a model c o n t r o l  
systen; was f i r s t  i n s t a l l e d  aboard a s p a c e c r a f t ,  and t h e  o b j e c t  of 
s t u d y  w a s  t h e  p r e v i o u s l y  i n d i c a t e d  f u n c t i o n  o f  t h e  human o p e r a t o r ,  
i n c l u d e d  i n  a model c o n t r o l  sys tem ( t r a c k i n g ) ,  w i t h  t h e  e f f e c t s  on 
him o f  space  f l i g h t  c o n d i t i o n s ,  f i r s t  and  foremost ,  t h e  prolonged 
w e i g h t l e s s n e s s .  

There  have been p a r t i c u l a r l y  widespread  p r e s e n t a t i o n s  of s t u d i e s  
o f  t h e  b e h a v i o r  o f  man i n  t r a c k i n g  sys tems ,  w i t h  v a r i o u s  l o a d s  on t h e  
r e g u l a t i n g  d e v i c e s  (Welford,  1953; Bahr ick ,  1957) ,  d i f f e r e n t  i n p u t  
s i g n a l  c h a r a c t e r i s t i c s  (Hartmann, 1957,  and o t h e r s ) ,  damping o f  t h e  
r e g u l a t i n g  d e v i c e s  (Weiss, 1954; Conkl in ,  1957) and w i t h  individu-1355 
a 1  n o i s e s  (Br iggs ,  1956) ;  however, t h e  e f f e c t s  o f  p ro longed  weight-  4 
l e s s n e s s  on t h e  t r a c k i n g  p r o c e s s e s  s t i l l  h a s  n o t  been examined. 

I n  a t t e m p t i n g  t o  g i v e  c. d e s c r i p t i o n  o f  t r a c k i n g  sys tems  w i t h  
man inc luded  i n  them, many a u t h o r s  have t u r n e d  t o  t h e  t h e o r y  o f  
communications i n  c l o s e d  servo sys t ems ,  c o n s i d e r i n g  them t o  be  a 
model o f  a "man-machine" t r a c k i n g  system. Using t h e  methods o f  
mathemat ica l  a n a l y s i s  deve loped  i n  au toma t i c  co11trc.d t h e o r y  and 
s t u d y i n g  t h e  n a t u r e  o f  t h e  changes t a k i n g  p l a c e  i n  t h e  i n p u t  s i g n a l ,  
a s  a r e s u l t  of i t s  passage  th rough t h e  system be ing  s t u d i e d ,  
psychology h a s  o b t a i n e d  t h e  a b i l i t y  t o  o b j e c t i v e l y  d e s c r i b e  t h e  
dynamic p r o p e r t i e s  o f  t h e  human o p e r a t o r .  Moreover, a p o s i t i v e  
a ~ p e c t  of  t h i s  method is t h e  f a c t  t h a t  t h e  forni o f  tt,e d e s c r i p t i o n  
i s  most s u i t a b l e  f o r  q u a n t i t a t i v e  c h a r a c t e r i z a t i o n  of  t h e  "man- 
machine" systec:  as a whole,  s i n c e  a l l  t h e  r i c h  a r s e n a l  o f  r e s o u r c e s  
o f  au toma t i c  c o n t r o l  t h e o r y  a r e  f u l l y  used ,  i n  t h i s  c a s e .  

Usua l ly ,  i n  s t u d y  o f  a t r a c k i n g  p r o c e s s ,  v i s u a l  i n d i c a t o r s  are 
ussd  (Melton,  1947; Adarns, 1961, and o t h e r s )  and ,  more r a r e l y ,  
a u r a l  i n d i c a t o r s  (Forbes ,  1946) .  A q u a n t i t a t i v e  measure  o f  t r a c k i n s  
q u s l i t y  i s  cons ide red  t o  be t h e  d i f f e r e n c e  between t h e  i n p u t  and 
o u t p u t  s i g n a l s ,  exp res sed  by v a r i o u s  methods,  and t h e  t a s k  o f  t h e  
o p e r a t o r  i s  t o  reduce  t h i s  d i f f e r e n c e  t o  a minimum. A c h a r a c t e r -  
i s t i c  o f  t h e  work o f  t h e  o p e r a t o r  u s u a l l y  is one f u n c t i o n  o r  a n o t h e r  
of  t h i s  error, i n  a s p e c i f i c  segment o f  t i m e .  



To c r e a t e  an autonomous t r a c k i n g  system i n  t h i s  experiment ,  t h e  
v i s u a l  i n d i c a t i o n  method was used, wi th  g raph ic  r ecord ing  o f  t h e  
ou tpu t  s i g n a l .  The i n p u t  s i g n a l s  w e r e  p l o t t e d  on t h e  t a p e  o f  a 
tape-winding mechanism, i n  t h e  form o f  curves.  The o u t p u t  s i g n a l s  
were recorded wi th  t h e  same sight-pen r e c o r d e r ,  which was r i g i d l y  
connected t o  t h e  c o n t r o l  s t i c k .  

It  was p o s s i b l e  t o  s tudy  t h e  o p e r a t o r  r e a c t i o n ,  by d i r e c t  and 
delayed feedback, i .e. ,  an  i n e r t i a l  c o n t r o l  system was s imulated.  
I n  both  c a s e s ,  t h e  t a s k  o f  t h e  o p e r a t o r s  was t o  minimize t h e  m i s -  
match between t h e  i n p u t  and ou tpu t  s i g n a l s .  The c o n t r a s t  o f  t h e  
curve  was about  0.85. The shapes of t h e  curves ,  t h e i r  t r a c k i n g  
sequence and exposure t i m e  were t h e  same a t  a l l  s t a g e s  of t h e  test .  
The t a p e  f e e d r a t e  was s t a b l e ,  5 m m / s e c .  Th i s  made it p o s s i b l e ,  t o  
a  c e r t a i n  e x t e n t ,  t o  e s t i m a t e  t h e  l a t e n t  r e a c t i o n  p e r i o d s  of t h e  
man, under va r ious  t r a i n i n g  c o n d i t i o n s  and i n  c a r r y i n g  o u t  a space 
f l i g h t .  

A t  a l l  s t a g e s  of t h e  s tudy ,  wi th  t h e  except ion  of  t h e  s t u d j e s  
conducted i n  f l i g h t ,  measvrements of t h e  r e a c t i o n  were made t h r e e  
o r  f o u r  times. Before t h i s ,  t h e  o p e r a t o r  became f a m i l i a r  wi th  t h e  
appara tus  and t r a i n e d  i n  a  given type  o f  a c t i v i t y ,  bo th  under normal 
cond i t ions  and under some space f l i g h t  c o n d i t i o n s ,  reproduced under 
ground cond i t ions .  I n  f l i g h t ,  t h e  s tudy  was performed twice.  Each 
r e a c t i o n  measurement inc luded 50 s i ~ u s o i d a l  s i g n a l s  and 22 square  e 

p u l s e s ,  set up i n  changing sequence, i .e . ,  t h e r e  was s u f f i c i e n t  
numerical  m a t e r i a l  f o r  s t a t i s t i c a l  process ing  by computer. 

The s tudy  of t h e  dynamic c h a r a c t e r i s t i c s  of t h e  o p e r a t o r  i n  
t h i s  test  permi ts  d e t e r n ~ i n a t i o n  o f  t h e  amplitude-frequency charac tex-  
i s t i c  (A [w] ) , t h e  phase-frequency c h a r a c t e r i s t i c  ($/a , auto-  
c o r r e l a t i o n  func t ion  (R) , t h e  mutual c o r r e l a t i o n  c o e f f i c i e n t  (r) , 
t h e  t r a n s f e r  func t ion  and some o t h e r  c h a r a c t e r i s t i c s .  

S igna l s ,  i n  t h e  form of s i n g l e  f u n c t i o n s  of t ime,  were used a s  
t h e  i n p u t  s i g n a l s :  

i n  t h e  form of a l i n e a r  func t ion  of  t i m e :  

i n  t h e  form of  a s i n u s o i d a l  t i m e  funct ion:  

and nonmult iple  f r equenc ies  between 0 and 1 Hz. 
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Fig. 99. Root mean e r r o r  
( 6 )  i n  t r a c k i n g  of  A. A. 

Leonov a t  v a r i o u s  s t a g e s :  
1, space f l i g h t ;  2 ,  gre-  
launch per iod;  3 , t r a . i n i n g  
s p a c e c r a f t ;  4 ,  ground 
t r a i n i n g  e x e r c i s e s  

I n  t h e  f i r s t  s t a g e  o f  a n a l y s i s  
of  t h e  material, t h e  r o o t  mean 
errors of  t h e  o p e r a t o r  i n  v a r i o u s  
s i n u s o i d a l  s i g n a l s  was determined 
(Fig.  9 9 ) .  These d a t a  show t h a t ,  
under va r ious  test c o n d i t i o n s ,  
t h e  q u a l i t y  of t h e  c o n t r o l  a c t i v i t y  
of  the man changes. E x t e r n a l  
cond i t ions  ( t h e  e f f e c t  of space  
f l i g h t  c o n d i t i o n s ,  mainly weight less-  
n e s s ,  s i n c e  t h e  experiment was 
c a r r i e d  o u t  i n  o r b i t s  7-8) show up 
more i n  c o n t r o l ,  w i t h  s i g n a l s  of 
f r equenc ies  above 0.5 Hz .  The 
s c a t t e r  of t h e  e r r o r s  was inc reased  
i n  t h e  prelaunch per iod .  

Data ob ta ined  i n  t h e  work of  
bo th  a s t r o n a u t s  were i d e n t i c a l  i n  
na tu re .  This  g i v e s  some b a s i s  f o r  
cons ide r ing  t h a t  t h e  e x t r a v e h i c u l a r  
a c t i v i t y  of  A. A. Leonov d i d  n o t  
have a s i g n i f i c a n t  e f f e c t  on t h e  
q u a l i t y  of  subsequent c o n t r o l  
a c t i v i t y .  

r A 
The dynamic c h a r a c t e r i s t i c s  o f  

t h e  as t ronau t -opera to r  can be 
~lisht i l l u s t r a t e d  most g r a p h i c a l l y ,  by 

means of  t h e  a u t o c o r r e l a t i o n  funct ion .  
f c, Correspondingly, t h e  curves  of t h e  
4J 
d 

func t ion ,  ob ta ined  on both  a s t r o -  
n a u t s  two hours  b e f o r e  launch and i n  

! .. I f l i g h t ,  a r e  p resen ted  i n  Figs .  100 
I .  and 101. Ana lys i s  of  t h e s e  curves  

I 
(dying s i n u s o i d s )  shows, f i r s t ,  t h a t  

Fig. 100. Autocor re la t ion  t h e  r e l a t i v e  t r a c k i n g  q u a l i t y  of  
func t ion  (R [r 1 ) of t r a c k i n g  A. A. Leonov i n  f l i g h t  was somewhat 
parameters  of  P. I .  Belyayev b e t t e r  than  t h a t  of P. I. Belyayev 

and, second, t h a t  t h i s  type  of 
a c t i v i t y  of  both a s t r o n a u t s  d e t e r i o r a t e d  i n  f l i g h t ,  from t h a t  i n  
t h e  launch per iod .  

I n  subsequent a n a l y s i s  of t h e  m a t e r i a l s  ob ta ined ,  us ing  t h e  
Four ie r  t ransform,  t h e  s p e c t r a l  d e c s i t i e s  of  t h e  s i g n a l s  mentioned 
above can be ob ta ined ,  which pe rmi t s  de terminat ion  o f  t h e  type  of 
t r a n s f e r  func t ion  f o r  a  given t y p e  of  a c t i v i t y .  Th i s  func t ion  can 
be determined by va r ious  methods, f o r  example, us ing  an i n t e g r a t i n g  
mat r ix  by computer, on t h e  assumption t h a t  t h e  s t r u c t u r e  o f  t h e  
d i f f e r e n t i a l  equat ion  of t h e  o p e r a t o r ,  a s  a dynamic c o n t r o l  l i n k ,  is  
known. 



The a n a l y s i s  conducted of a l l  
m a t e r i a l s  ob ta ined ,  a s  w e l l  a s  

t 1 ''1 
'Launch a n a l y s i s  of  t h e  frequency charac te r -  

I \ r' istics, i n  a lmost  a l l  c a s e s ,  l e a d s  
t o  a d e s c r i p t i o n  o f  t h e  dynamic 

Flight p r o p e r t i e s  of  t h e  o p e r a t o r  per- 
forming t r a c k i n g ,  by means o f  t h e  

t, seconds fo l lowing express ion  : 

?. I 1 1 I k t , - p - ( t ~  T, I)-+ 1 )  
\ I 
\ 

\ <  
uv,J r?-;T;z-K, ( 7 )  

where W, is t h e  o p e r a t o r  t r a n s f e r  
Fig.  101. Autocor re la t ion  func t io5 ,  T is t h e  o p e r a t o r  r e a c t i o n  
func t ion  of t r a c k i n g  parameters  t i m e ,  TI is a t i m e  c o n s t a n t ,  a is 
of A. A. Leonov a c o e f f i c i e n t ,  T2 is  t h e  o p e r a t o r  

de lay  t i m e  c o n s t a n t ,  k is t h e  g a i n ,  
P ,s- t h e  Laplace t r ans fo rmat ion  

> argument, if T > 6 a t  T 1  > 0, T2 L 0, a -  0. 

I t  was faund from a n a l y s i s  of  t h e  t r a n s f e r  func t ion  t h a t  t h e  
damping c o e f f i c i e n t  changes from 0.5 on e a r t h  t o  0.1-1 i n  f l i g h t .  
Its optimum value  is  0.7. The amplitude-frequency and phase frequency 
c h a r a c t e r i s t i c s  of  t h e  o p e r a t o r ,  a s  a dynamic l i n k  i n  t h e  c o n t r o l  
system a r e  sh0wn.i.n Figs.  102 and 103. By comparison of  t h e s e  /358 
curves ,  it can be noted t h a t  t h e  t r a c k i n g  q u a l i t y  of t h e  h i g h e r  
s i n u s o i d a l  s i g n a l s  d e t e r i o r a t e s ,  e s p e c i a l l y  i n  f l i g h t .  Thus, f o r  
example, n o t i c e a b l e  changes i n  t h e  aapl i tude-f requency c h a r a c t e r i s t i c s  
i n  f l i g h t  set i n ,  i n  work wi th  a s i g n a l ,  having a frequency of 3-4 
rad/sec. By a n a l y s i s  of t h e  phase-frequency c h a r a c t e r i s t i c s ,  t h e  
changes begin t o  be  d e t e c t e d ,  wi th  an i n p u t  s i g n a l  frequency on t h e  
o r d e r  o f  1-2 rad/sec ,  i n  which t h e  magnitude of t h e  change is  more 
pronounced, i n  t h i s  case .  

I n  s tudy  of  t h e  c h a r a c t e r i s t i c s  of  r e a c t i o n  of  t h e  o p e r a t o r  t o  
a graded i n p u t  s i g n a l ,  a s p e c i f i c  range of change i n  t h e  l a t e n t  
pe r iod  of  motor r e a c t i o n  can be determined. Thus, f o r  P. I. Relyayev, 
i n  t h e  t r a i n i n g  pe r iod  i n  t h e  t r a i n i n g  c r a f t  and a t  launch,  t h e  1 3 5 9  
l a t e n t  p e r i o d  of  motor r e a c t i o n s  v a r i e d  w i t h i n  175-185 sigma. 
This  va lue  was 300-320 sigma i n  f l i g h t .  There were no such sha rp  
v a r i a t i o n s  f o r  A. A .  Leonov: t h e  r e s u l t s  ob ta ined  i n  t h e  t r a i n i n g  
c r a f t ,  a t  launch and i n  f l i g h t ,  were monotypic, and they  v a r i e d  from 
180 t o  185 sigma. 

To a l l  appearances,  t h e s e  numbers ob ta ined  i n  f l i g h t  a r e  a 
genera l  e s t i m a t e  of t h e  a s t r o n a u t  r e a c t i o n .  Thus, p o s i t i v e l y ,  t h e  
sensory component o f  t h e  r e a c t i o n  had a g r e a t e r  d e l a y ,  b u t  it was 
l eve led  by t h e  motor f e a t u r e  of t h e  r e a c t i o n ,  when some a c c e l e r a t i o n  
should have been expected,  owing t o  t h e  absence of g r a v i t a t i o n a l  
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Fig. 102. Amplitude-frequency characteristic of 
operator tracking work 
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Pig. 103. Phase-frequency characteristic of 
operator tracking work 



f a c t o r s .  I n  connect ion w i t h  t h i s ,  t h e  o v e r a l l  c h a r a c t e r i s t i c s  a r e  
n o t  s u b j e c t  t o  s i g n i f i c a n t  changes. 

A complex s tudy o f  t h e  dynamic c h a r a c t e r i s t i c s  o f  an  a s t r o n a u t  
w a s  c a r r i e d  o u t ,  f o r  t h e  c a s e  of  delayed feedback, wi th  an i n p u t  
s i g n a l  frequency o f  0.06 Hz .  I n  t h e  opinion of V. P. Zinchenko 
and co l l eagues  (1964),  t h i s  method o f  i n v e s t i g a t i o n  i m p l i e s  t h e  
n e c e s s i t y  of t h e  o p e r a t o r  p r e d i c t i n g  t h e  c o n t e n t  o f  t h e  problem being 
solved.  For t h i s ,  t h e r e  u s u a l l y  is  a window, through which t h e  
o p e r a t o r  fo l lows t h e  i n p u t  s i g n a l  and s i g h t  (writer), t h e  course  of 
t h e  t a p e  is p a r t i a l l y  covered w i t h  a c u r t a i n ,  a s  a consequence of 
which t h e  o p e r a t o r  must e x t r a p o l a t e  t h e  i n p u t  s i g n a l .  The mutual 
c o r r e l a t i o n  c o e f f i c i e n t s  f o r  t h e s e  c o n d i t i o n s  a r e  p resen ted  i n  Table 
83. 

TABLE 83 

MUTUAL CORRELATION COEFFICIENT FOR CONDITION WITH 
DELAYED FEEDBACK ( s i g n a l  0.06 Hz) 
- 

I I Corre- 
! stage of study lation 

Operator Coefficient 
I I 

A.s is e v i d e n t  from Table 83, t h e  f l i g h t  d a t a  a r e  b e t t e r  than  
t h e  ground. 

P.  I. Belyayev 

A. A .  ~eonov 

The oppos i t e  t endenc ies  o f  change i n  t h e  o p e r a t o r  work char-  
a c t e r i s t i c s  i n c l i g h t ,  wi th  delayed feedback, a t t r a c t  a t t e n t i o n .  
A t  t h e  p r e s e n t  t i m e ,  no c l e a r  judgment can b e  made on t h e  reasons  
f o r  t h i s ,  i n  our  op in ion ,  very  i n t e r e s t i n g  f a c t .  However, it 
c e r t a i n l y  merits s t u d y -  

A d e t a i l e d  s tudy  o f  t h e  psychophysio logica l  c h a r a c t e r i s t i c s  and 
dynamic parameters  of a s t r o n a u t s ,  inc luded i n  a model c o n t r o l  system, 
was conducted i n  t h e  Soyuz 9 s p a c e c r a f t .  

In training craft 
Before launch 
Inf l ight  
n trai  i n  Before ? a d d r a f  

Inf l ight  

The r e s u l t s  of s tudy  o f  t h e  o p e r a t o r  a c t i v i t y  of  A.  G. Nikolayev 
and V. I. Sevast 'yanov,  obta ined dur ing  t h e  18-day f l i g h t ,  a r e  
presented  i n  Tables  8 4  and 85. The average  va lues  of  t h e  parameters ,  
c h a r a c t e r i z i n g  t h e  work q u a l i t y  of t h e  o p e r a t o r s ,  i n  compensating 
f o r  a s i n g l e  mismatch, a r e  given i n  them. These d a t a  r e v e a l  a 
number o f  i n t e r e s t i n g  f e a t u r e s .  F i r s t ,  t h e  va lue  of  t h e  d i s p e r s i o n  

0 70 
0.  ;4 
o 81 
0 r# 
o.ni  
0.88 



of t h e  t i m e  of t h e  t r a n s f e r  p rocess  turned o u t  t o  be t h e  most 
c r i t i c a l  t o  space f l i g h t  cond i t ions .  For A. G. Nikolayev, it was, 
i n  f l i g h t ,  f o u r  t i m e s ,  and, f o r  V. I. Sevast 'yanov,  almost  t h r e e  
times g r e a t e r  than  on e a r t h .  Second, t h e  t i m e  cons tan t  M(T ) of 
both  a s t r o n a u t s  tu rned  o u t  t o  be g r e a t e r  i n  f l i g h t :  t h a t  o! t h e  1360 
s p a c e c r a f t  commander by 2.7 t i m e s  and t h a t  of t h e  f l i g h t  eng inee r ,  
1.28times. A t  f i r s t  g lance ,  it may seem t h a t ,  both  by t h i s  va lue  
and by t h e  remaining parameters ,  t h e r e  a r e  s i g n i f j x a n t  i n d i v i d u a l  
d i f f e r e n c e s  between t h e  a s t r o n a u t s .  Ac tua l ly ,  i n  t h e  averagG of 
5 of  t h e  parameters  l i s t e d ,  t h e  work q u a l i t y  of  A. G.  Nikolayev i n  
f l i g h t  d e t e r i o r a t e d  1.9 t i m e s  more than t h a t  of  V. I. Sevast 'yanov. 
However, t h i s  is  most l i k e l y  expla ined by t h e  f a c t  t h a t  t h e  work 
q u a l i t y  of  V. I. Sevast 'yanov is lower i n  a b s o l u t e  va lue  than t h a t  
of A. G. Nikolayev, 2.62 times f o r  t h e  b a s e l i n e  d a t a  and 2.7 t i m e s  
i n  f l i g h t ,  i .e. ,  on e a r t h  and i n  f l i g h t ,  V. I. Sevast 'yanov worked 
more poorly than  A. G. Nikolayev, by approximately t h e  same number 
of times (2.62 and 2.7) and, consequently,  t h e i r  r e a c t i o n s  t o  
space f l i g h t  cond i t ions  were p r a c t i c a l l y  i d e n t i c a l .  The d i f f e r e n c e s  
between them i s  t h a t ,  e v i d e n t l y ,  A. G. Nikolayev i s  a more h igh ly  
q u a l i f i e d  o p e r a t o r  than  V. I. Sevant 'yanov, t h e  work q u a l i t y  of  whom, 
even be fo re  t h e  f l i g h t ,  reached t h e  maximum l e v e l  and could  on ly  b e  
s u b j e c t  t o  changes i n  f l i g h t ,  because of  t h e  a c t i o n  o f  unfavorable 
f a c t o r s .  The work q u a l i t y  o f  V. I. Sevast 'yanov i n  space could 
change, both  from f l i g h t  f a c t o r s  and a s  a r e s u l t  of cont inuing 
t r a i n i n g  (work wi th  t h e  i c s t r u m e n t ) .  

, 

t 
Considering what has  been s t a t e d ,  it can be concluded t h a t ,  on 

t h e  b a s i s  of t h e  experiment c a r r i e d  o u t  wi th  two o p e r a t o r s  on a 
long space f l i g h t ,  t h e  opera tc , r  r e a c t i o n  t ime c o n s t e n t  t o  a s i n g l e  
d i s tu rbance  i n c r e a s e s  by 2.7 times. 

The delayed n a t u r e  of  t h e  process  of t r a c k i n g  a s i n g l e  func- 1361  
t i o n  by t h e  a s t r o n a u t s  40 min a f t e r  l?.,.dina is  unders tandable  (Fig .  
104).  The delay  i n  t h e  p rocess  can  be explained he re  by two f a c t o r s :  
f i r s t ,  by p a r t i a l  d i s c o o r d i n a t i o n  of movement and, second, t h e  
weakness of  t h e  arms, o u t  o f  p r a c t i c e  of use  of  " e a r t h "  f o r c e s ,  which 
c e r t a i n l y  must l ead  t o  slower and less abrup t  movements. 

The r e s u l t s  of  t r a c k i n g  of  s i n u s o i d a l  s i g n a l s  of v a r i o u s  
f requenc ies  by t h e  a s t r o n a u t s  a r e  presented  i n  Figs .  105 and 106 and, 
i n  Figs.  1.07 and 108, of  random s i g n a l s  wi th  v a r i o u s  c h a r a c t e r i s t i c s ,  
a s  a func.,io-. of f l i g h t  t i m e .  The d a t a  presented  demonstrate  
d e f i n i t e  i I jd iv idual  d i f f e r e n c e s  i n  t h e  o p e r a t o r s .  While t h e  
average t r a c k i n g  e r r o r  l e v e l  of  A. G. Nikolayev, a f t e r  a day of /362 
f l i g h t  ( o r b i t  20-21) approximately doubled, f o r  both  t h e  random and 
t h e  s i n u s o i d a l  s i g n a l ,  t h e  e r r o r  l e v e l  of V. I. Sevans'yanov i n  t h i s  
per iod  s c a r c e l y  d i f f e r e d  from t h e  d a t a  base. Rut then ,  by t h e  end 
o f  t h e  second day of  t h e  f l i g h t  ( o r b i t  37) , t t .  - >  t r a c k i n g  q u a l i t y  of 
A. G.  Nikolayev improved and reached t h e  da ta  base l e v e l ,  which was 
maintained t o  t h e  end o f  t h e  f l i g h t  ( o r b i t  256) .  A tendency towards 
d e t e r i o r a t i o n  of  t r a c k i n g  q u a l i t y  of V. I .  Sevast 'yanov was nc ted  on 



TABLE 8 4  

REACTION PARAMETERS OF A. G. NIKOLAYEV TO A SINGLE 
MISMATCH 

Orbit 
Base- Avg. Flightfise- 

Parameter 1. B a t h  

\I [r,;]. sec 
1)  I~,,I. sec2 
.I! p:,] sec 
tnma,. sec 
tn,,,, .  =ec 

A tn= f"ma.t--t',:,l,n 

TABLE 85 

REACTION PARAMETERS O F  V. I. SEVAST'YANOV TO SINGLE 
MISMATCH 

on t h e  second day ( o r b i t  4 9 ) ,  which appeared  p a r t i c u l a r l y  c l e a r l y  
i n  t h e  middle  o f  t h e  f l i g h t  ( o r b i t  115)  and a t  t h e  end o f  t h e  f l i g h t  
( o r b i t  250 f o r  t h e  random s i g n a l ) .  I t  can  b e  s t a t e d  i n  t h i s  1 3 6 3  
connec t ion ,  t h a t ,  on t h e   hole, t h e  c o n t r o l  s k i l l s  o f  A.  G. 
Nikolayev i n  f l i g h t  t u r n e d  o u t  t o  b e  more s t a b l e  t h a n  t h o s e  of 
V. I. Sevas t 'yanov .  The p o s s i b i l i t y  i s  n o t  exc luded  t h a t  t h i s  i s ,  
on t h e  one hand, a r e f l e c t i o n  of  t h e  p r o f e s s i o n a l  q u a l i t i e s  o f  
A. G. Nikolayev-p i lo t  and ,  on t h e  o t h e r  a b e t t e r  grounded p h y s i c a l  
and p s y c h i c  r e a d i n e s s  o f  A. G. Nikolayev-as t ronaut ,  a c c o n p l i s h i n g  
a s p a c e  f l i g h t  f o r  t h e  second t i m e  (Vostok 3 and Soyuz 9). The 
s p r e a d  o f  t h e  t r a c k i n g  e r r o r s  of A. G. Nikolayev i n  f l i g h t  i n c r e a s e d  
by 26% on t h e  ave rage  and t h a t  o f  V. I. Sevas t ' yanov ,  by 69%, w i t h  
an  o v e r a l l  h i g h e r  t r a c k i n g  q u a l i t y  o f  A. G.  Nikolayev (by l . 3 3  times) 
t h a n  by V. I. Sevas t 'yanov .  

Parameter 

Concerning t h e  dependence o f  q u a l i t y  o f  t r a c k i n g  t h e  s i n u s o i d a l  
s i g n a l  on i t s  f requency ,  p r a c t i c a l l y  no d i f f e r e n c e s  between t h e  

- Orbit 
Base- I 1%-Base- Ratio 
l i n e  '' / '" , I 
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Fig .  104. Graphs of  t r a n s f e r  p r o c e s s e s  d e s c r i b i n g  
o p e r a t o r  r e a c t i o n s  t o  a s i n g l e  s i g n a l  i n  f l i g h t  ( f o r  
V. I. Sevas t ' yanov  i n  o r b i t  49 ,  f o r  A.  G. Nikolayev 
i n  o r b i t  250) and a f t e r  t h e  f l i g h t  
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Fig.  105. S t anda rd  e r r o r  o f  
t r a c k i n g  s i n u s o i d a l  s i g n a l s  
o f  v a r i o u s  f r e q u e n c i e s  by 
A. G. Nikolayev i n  space  f l i g h t :  
1, 0.12 HZ; 2 ,  0.16 HZ; 3 ,  
0.2 Hz; 4 ,  0.5 Hz; 5,  1 Hz; 
6 ,  average  of  5 s t u d i e s  

o p e r a t o r s  was no ted  ( F i g s .  109 and 
1 1 0 ) .  With b o t h  o p e r a t o r s ,  t h e  
e f f e c t  o f  s i g n a l  f requency  on 
q u a l i t y  o f  t r a c k i n g  it was c l e a r l y  
exp res sed  f o r  bo th  o p e r a t o r s .  
I t  i s  c h a r a c t e r i s t i c  t h a t  t h e  
h i g h e s t  t r a c k i n g  q u a l i t y  is ob- 
s e r v e d  a t  f r e q u e n c i e s  belcw 0.5 Hz, 
i . e . ,  i n  t h e  range ,  which w a s  
n o t e d  i n  t h e  work o f  t h e  crew of 
Voskhod 2. I n  o u r  o p i n i o n ,  t h e s e  
r e s u l t s  a r e  a s u f f i c i e n t  b a s i s  
f o r  t a k i n g  them i n t o  c o n s i d e r a t i o n ,  
i n  deve lop ing  s p e c i f i c  semi- 
au toma t i c  c o n t r o l  sys tems  of  a 
s p a c e c r a f t  and i t s  systems.  The 
d i f f e r e n t  d e g r e e  of  e x p r e s s i o n  o f  
t h e s e  f u n c t i o n s  o f  t h e  a s t r o n a u t s  
a t t r a c t s  a t t e n t i o n .  A s  sholl ld 
have been expec ted ,  t h e  minimum of 
t h e  a = a ( @ )  cu rve  o f  A. G. 
Nikolayev i s  n o r c  dep res sed  t h a n  
t h a t  o f  V. I .  Snvas t ' yanov ,  s i n c e  



c o n t r o l  s k i l l s  o f  A. G. Nikolayev 
C Z 1 are more s t a b l e  and t h e  q u a l i t y  is 

1 ,;<, h i g h e r .  I t  can be  assumed t h a t  
3 I , ,. '\ t h e  q u a n t i t y  da/dw max can  be  one 

.'. 
o f  t h e  c r i t e r i a  o f  e v a l u a t i o n  o f  

/' , 

I / 

t h e  deg ree  o f  s t a b i l i t y  o f  t h e  
1 ,  '.' \ c o n t r o l  h a b i t s  and of  an adequa te  

.rl I k... 
,.. -. . l e v e l  o f  t r a i n i n g  o f  t h e  o p e r a t o r .  

i t , .  B -... 
T h i s  c i rcumstance  conf i rms  t h e  

2 .  1' . h 
,_- r e g u l a r i t y ,  and n o t  t h e  random 

/-"; . 
-. .* -- - n a t u r e  o f  t h e  changes r eco rded  i n  

' . - . f l i g h t  and,  moreover,  it i n d i c a t e s ,  
, 

f i r s t ,  t h e  s u f f i c i e n t  u n i v e r s a l i t y  Data . 
Lase Orbit o f  t h e  s i n u s o i d a l  s i g n e l  a s  a 

s t a n d a r d  and,  second,  adequate  

Fig.  106. S t anda rd  e r r o r  o f  
t r a c k i n g  s i n u s o i d a l  s i g n a l s  
o f  v a r i o u s  f r e q u e n c i e s  by 
V. I. Sevas t 'yanov i n  space  
f l i g h t :  d e s i g n a t i o n s  same 
as i n  F ig .  105 

Data 
base Orbit 

Fig.  107. S t anda rd  e r r o r  o f  
t r a c k i n g  random s i g n a l s  w i t h  
v a r i o u s  characteristics by 
A. G. Nikolayev i n  space  f l i g h t :  
1, random n o n s t a t i o n a r y  s i g n a l ;  

l i n e a r i t y  o f  t h e  human o p e r a t o r  
as a l i n k  i n  t h e  dynamic system, 
1 scause ,  w i t h  a c l e a r l y  expres sed  
n o n l i n e a r i t y ,  t h e  n a t u r e  of  t h e s e  
f u n c t i o n s  would be d i f f e r e n t ,  i n  
t h e  g e n e r a l  ca se .  Here, as 
p r e v i o u s l y ,  a g r e a t e r  sp read  o f  
t h e  d a t a  i n  f l i g h t ,  compared w i t h  
t h e  background is  no ted  f o r  V. I. 
Sevas t 'yanov and a smaller s p r e a d  
f o r  A. G. Nikoldyev, .which w e  a r e  
i n c l i n e d  t o  e x p l a i r ~  by t h e  g r e a t e r  
r e a d i n e s s  o f  A .  G .  Nikolayev as an  
o p e r a t o r  and an a s t r o n a u t .  The 
n a t u r e  o f  t r a c k i n g  of v a r i o u s  
t y p e s  o f  rar,dom s i g n a l s  by t h e  
o p e r a t o r  a s s i s t s  i n  r e v e a l i n g  
f e a t u r e s  o f  a c t i v i t y  of v a r i o u s  
f u n c t i o n a l  systems o f  t h e  body o f  
t h e  a s t r o n a u t  d u r i n g  a f l i g h t .  

The d a t a  of  s t u d y  o f  some 
dynamic c h a r a c t e r i s t i c s  and 
r e a c t i o n s  o f  t h e  a s t r o n a u t -  
o p e r a t o r  i n  many-day f l i g h t s  a r e  
p r e s e n t e d  i n  F ig .  111. 

2 ,  random s t a t i o n a r y ;  3 ,  random 
s t a t i o n a r y ;  4, q u a s i - s t a t i o n a r y ;  The s t u d i e s  showed t h a t  t h e  

5 ,  ave rage  o f  4 s t u d i e s  s imple  motor r e a c t i o n  time of  an 
a s t r o n a u t - o p e r a t o r ,  i n c l u d i n g  t h e  

r e a c t i o n s  o f  s e l e c t i n g  from t h r e e ,  do n o t  undergo s i g n i f i c a n t  
changes.  By a n a l y s i s  o f  a core cc,r?i icated a s s o c i a t i v e  e x t r a p o l a t i o n  
r e a c t i o n s ,  a d a p t i v e  changes were def ined:  A s h a r p  i n c r e a s e  i n  
r e a c t i o n  t i m e  i n  t h e  f i r s t  days  o f  t h e  f l i g h t  and t h e  same s h a r p  
d e c r e a s e  by t h e  t h i r d  day. 
408 



Reflexographic observations were 

3 made of four astronauts. Despite the 
-4 fact that each point of the corrected 
B ,' ,,/- - - .+.- - -- 7 4  

\ - curve contains 30 measurements of 

8! ../',' - -  /-q ,, c' 
.* .. '.* reactions in fliyht, we are inclined 

. . 
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to consider the data to be preliminary. 
% 7 , v V  \ 

However, the relationship of the 
4 3 '  . - -  

$I 
flight data and their dynamics to the 
results obtained in long model experi- 

mta, ments show that the basic complex /364 
base Orbit associative extrapolation reaction, 

which is the most subject to change 
Fig. 108. Standard error of during a flight, is the working 
tracking random signals with memory, the mechanisms of functioning 
various characteristics by of which are phylogenetically young 
V. I. Sevast'yanov in space and, therefore, the least protected 
flight: designations same from the effects of unfavorable 
as in Fig. 107 external factors. As was shcwn by 

the stu@ies carriet out in the 
Voskhod, Voskhod 2 and Soyuz 6 space 

I flights, the dyi~arics of the 
b fa working memory has approximately the 

+, .#* same nature of change as the dynamics 
J' 

(- of the foresight reaction time (see ..+' Fig. 97). Consequently, it can be 
$ I  

. 
-4 , ,(, 

. 
,,T# 

assumed that disruption of the normal 
+, , . 
rd l . -  - -  course of motor acts is explained 
rl by complex central changes, which 

I Sinusoidal signal 
.. . . . . w .  again emphasizes the general effect 

HZ of weightlessness on various body 
functions. This is the cause of the 

Fig. 109. Standard error of disruptions, which were noted in - /365 
tracking sinusoidal signals analysis of the more complicated 
of A. G. Nikolayev vs. their integrativecharacteristics of 
frequencies (in space flight) activity of an astronaut in flight, 

such as the tracking reactions, finely 
coordinateu control activities, transmission of radiotelegraph 
signals, etc. 

For a deeper dissection of the mechanisms of disruption of 
motor coordination in weightlessness, of the inner structure of motion 
and of the mechanisms of its i2organization, the conduct of a series 
of biomechanical experiments was necessary. The first successful 
effort in this area was undertaken by L. V. Chkhaidze. However, 
he studied a limited group of kinematic chaino, with a small number 
of links. Therefore, one of the authoru, together with I. A. 
Kolosov and I. F. ChekiJra, conducted a series of experiments in 
weightlessness, the purpose of which was to study the internal 
coordination structure of voluntary mcvements of the arms, under 
conditions of varying weight. 



I i 

, f It was determined in a series 
! \ 

I of studies that processing of actirlns 
9 I 

I 
# by astronauts takes place, with 

d l !  , # simultaneous reor..-anizatioz of the 
g . :  , , structure of the mator skills applic- 
g , \  I able to the conditions cf absence of 
4 I 
~ 1 , '  I .  body weight. During the training 
a ,  
r( 

'\ -.__ .- process, che coordination structure 
I a " :  

Sinusoidal signal of speclal purpose arm movements of 
i the astronauto, of varying complexity, 

, L . -  . I - .  - .  
Hz was studied photocyclogrammetrically. 

It was found that, in the first 
Fig. 110. Standard error of flights in weightlessness, the 
trackhg sinusoidal signals of coordination structure of xnovemenk 
V. I. Sevast'yanov vs. their is complicated, compared with nonr 1 
frequency weight conditions: the muscle 

efforts and amplitude and number of , i  I >@--- 
k.  

correcting signals from the central - ,- i: : : ..* 1 \ during movement increase. In the 
nervous system sent to the periphery 

: I  ( 

c, I 

m ' I 
1 fourth or fifth fJ.ight in weightless- J 

3 ness, the structure uf test movements 
2B1 :.I :.-,-, _._ . -..CBC A 

proves to be almost the same as 
UP) ' - / a 10 , , ------ under normal gravity. Between the b 2:- I 20th and 30th flights in weightless- 

I / 
I .. . - -~ - ...- - .--- ness, stabilization of the movement 
Eki strccture takes place; the muscle 

Orbits forces applied decrease, and, which 
Fig. 111. Chan?e in time of is especially interesting, the 
various types of sensorimotor magnitude and number of corrections 
reactions of the astronauts in of nlovement decrease, comparzd with 
space flight: 1, simple those under no-ma1 weight conditions. 
reaction; 2, reaction of Owing to recording of the hiomechani- 
choice from three; 3, )re- cal characteristics (speeds, acceler- 
action with simple ations, forces, muscular torqtics) 
associa.tion in microintervals of time. objectivz 

criteria were ~uccessfully worked 
out for evaluation of the rapidity of reorga_?izatiorl of motor skills, 
in a parallel study of work activity as a whole, by means of analysis 
of motion-picture materials, time and motion charts, psychophysio- 
logical reactions, performance ability and quality of work Ser- 
formance. A mutiple evaluation of activity perwits difficulties to 
be revealed, which ariee in an astronaut in performing various 
elements of an assignment and the process of formation of a stable 
dynanic stereotype of occupational, work activity of an astronaut, 
worked out in mock-up sections of spacecraft under weightless 
conditiocs, to be controlled. 

In this manner, a conlparative analysis of tke results of 
completion of time ap-d motion tests, conducted under flight conditioqa 



5 and on e a r t h ,  t h e  r e s u l t s  of model experiments and biomechanical - c a l c u l a t i o n s  have shown t h a t  t h e  d i s r u p t i o n s  noted under w e i g h t l e s s  
condi t ions ,  t o  a l l  aFpearances, a r e  connected wi th  con t ro l -coord ina t ion  
funct ion mechanisms. I n  f a c t ,  i f  a t t e n t i o n  is  d i r e c t e d  t o  t h e  

z scheme of  t h e  movement c o n t r o l  appara tus  of N. A. Bernshteyn, a  
series of e l e n e n t s  can be found, which a r e  ve ry  s e n s i t i v e  t o  t h e  
e f f e c t s  of weightlessness.  The b a s i c  work u n i t s  of t h i s  most s imple  
scheme ?.re: the  e f f e c t o r ,  t h e  work of which i s  s u b j e c t  t o  r e g u l a t i o n ;  
t h e  ass igning u n i t ,  in t roducing t h e  requ i red  va lue  of  t h e  parameter 
regula ted  i n t o  t h e  system one way o r  another ;  t h e  r e c e p t o r ,  pe rce iv ing  
t h e  a c t u a l  c u r r e n t  va lue  of  t h e  parameter and s i g n a l i n g  lt t o  t h e  
comparison apparatus i n  some manner; t h e  comparison mechanism, per- 
ce iv ing a divergence of  t h e  a c t u a l  and requ i red  v a l u e s ,  w i t h  i ts /366 
magnitude and s i g n ;  a  dev ice ,  recoding t.he comparison a p p ~ r a t u s  
da ta  t o  c o r r e c t i n g  pu l ses ;  t h e  r e g u l a t o r ,  c o n t r o l l i n g  ti le funct ion-  
ing  o f  t h e  e f f e c t o r  by a given parameter. 

The c e n t r a l  command p o s t  of t h i s  system, i n  t h e  e x p r e s s i o c  of 
N. A. Bernshteyn, is the ass ign ing  element.  A t  t h e  ou tpu t  o f  t h i s  
element, an image o r  r e p r e s e n t a t i o n  o f  t h e  r e s u l t  o f  t h e  a c t i o n  forms 
( f i n a l  or by s t a g e s ) ,  t o  which t h i s  a c t i o n  i s  d i r e c t e d .  The morpho- 
l o g i c a l  s t r u c t u r e ,  providing t h e  func t ion  of t h e  a s s i g n i n g  element ,  
is s t i l l  unknswn; however, t o  a l l  appearances, it encompasses a 
~ u r r b e r  of c o r t i c a l  formations of t h e  b r a i n .  Grandpierre (1967) 
demonstrated experimental ly t h a t  t h e  e x t r a p o l a t i n g  a c t i v i t y  of 
monkeys i n  weight lessness  is s i g n i f i c a n t l y  d i s r u p t e d ,  s imul taneously  
with a  reduct ion  i n  t h e  b i o e l e c t r i c  a c t i v i t y  of t h e  b r a i n .  The 
working memory s u f f e r s  i n  t h i s  case ,  and t h e  conceptual  model of 
command a c t i o n s  i s  d i s rup ted .  Disturbances i n  t h e  work of t h e  
pe r iphera l  apparatus l e a d s  t o  cons iderable  changes i n  t h e  f u n c t i o n  
of t h e  s s s ign ing  element. The commands determined f o r  t h e  r e q u i r e d  
a c t i o n  w i l l  con t inua l ly  d i r e c t  s icjnals  known t o  be i n a c c u r a t e  t o  t h e  
"k-tton ins tances  of t h e  ass ign ing  complex," which w i l l  de lay  
switching of t h e  command t o  t h e  next  m i c r o i n t e r v a l  of t h e  program. 
According t o  t h e  d e f i n i t i o n  of  P. K. Anokhin, t h e  " sanc t ion ing  
a f fe i -en t? t ionW is  d i s rup ted .  I n  t h i s  case ,  t h e  comsarison appara tus  
w i l l  send c o r r e c t  information t o  t h e  c e n t r a l  u n i t s ,  on t h e  d i s -  
agreement between t h e  ass igKed  and a c t u a l  p i c t u r e ,  whi le  c o r r e c t i o n  
of  t h e  a c t i v i t y  w i l l  be based on t h e  o l d  "ea r th"  r e p r e s e n t a t i o n s  of 
t h e  magnitude of t h e  pu l se ,  which must be  d i r ~  ted t o  t h e  d ivergence  
e f f e c t o r ,  and which w i l l  be extreme. A l l  t h i s  l e a d s  t o  d i s r u p t i o n  
o f  t h e  cont ro l -coordinat ion  func t ion  o f  t h e  h igher  s e c t i o n s  of  t h e  
 rain and t o  d e t e r i o r a t i o n  of t a s k  performance q u a l i t y .  

The f i r s t  s t u d i e s  of  performance c a p a c i t y ,  conducted w i t h  
s imula t ion  of t h e  programs of f l i g h t s  of  va r ious  l e n g t h s ,  demonstrated 
a  d e t e r i o r a t i o n  i n  q u a l i t y  of t h e  a c t i v i t y  i n  t h e  f i r s t  o r b i t s .  
S u b ~ e q u e n t l ~ ~ ,  t h e  l e v e l  of t h e s e  changes decreased,  i n  t h e  major i ty  
of c a s e s  and dup l i ca ted  t h e  b a s e l i n e  r e s u l t s ,  i n  some experiments.  

An a n a l y s i s  of t h i s  revealed t h a t ,  d e s p i t e  t h e  s a t i s f a c t o r y  
condi t ion  of t h e  a s t r o n a u t s  i n  f l i g h t  and, b a s i c a l l y ,  execution of 



t h e  f l i g h t  programs, d i s t u r b a n c e s  were n o t e d ,  e s p e c i a l l y  of t h e  
motor e l emen t s  o f  o c c u p a t i o n a l  s k i l l s ,  i n  t h e  f i r s t  o r b i t s  o f  a  
f l i g h t .  Thus, for  exan~p le ,  t h e  Gemini 3 s p a c e c r a f t  commander, W. 
Grissom, performed a naneuver  o f  t h e  c r a f t  i n  t h e  f i r s t  o r b i t ,  t h e  
purpose o f  which was t o  make it p o s s i b l e  f o r  t h e  second p i l o t ,  D. 
Young t o  o b s e r v e  t h e  second s t a g e  of t h e  l aunch  r o c k e t ,  r e v o l v i n g  i n  
o r b i t .  The exper iment  f a i l e d .  I n  t h e  f l i g h t  o f  Gemini 4, i n  t h e  
f i r s t  and a t  t h e  s t a r t  o f  t h e  second  o r b i t ,  a s t r o n a u t  J. McDivi t t  
a t t empted  t o  approach t h e  secon6  s t a g e  of t h e  launch  v e h i c l e  for  
a p e r i o d  o f  a n  hour.  H e  was ted  h a l f  t h e  working t i m e  on t h i s  
o p e r a t i o n ,  w i t h o u t  a c h i e v i n g  t h e  r e q u i r e d  r e s u l t .  Because o f  
overconsumption o f  f u e l ,  he  was fo rb idden  f u r t h e r  approaches  i n  a  
second approach and i n  maneuvering expe r imen t s ,  i n  t h e  30 th  and 
45th  o r b i t s .  A s  was e s t a b l i s h e d ,  b e s i d e s  errors i n  c o n t r o l  ( t r a c k -  
i n g ) ,  t h e  a s t r o n a u t  i n c o r r e c t l y  e s t i r a t e d  t h e  d i s t a n c e  t o  t h e  
t a r g e t  (it a c t u a l l y  w a s  600 m, b u t  120 m, by h i s  d e t e r m i n a t i o n ) .  

The c l e a r e s t  example o f  t h e  problem be ing  cons ide red  can  b e  
i n t r o d u c e d  by a n a l y s i s  of t h e  a c t i v i t y  o f  t h e  Gemini 10  s p a c e c r a f t  
commander. To dock w i t h  t h e  Agena-10 r o c k e t ,  t h e  s p a c e c r a f t  
commander D. Young c a r r i e d  o u t  a aaneuver  i n  t h e  second o r b i t  of /367 
t h e  f l i g h t .  The docking was accomplished w i t h  g r e a t  d i f f i c u l t y ,  b u t  
it t u r n e d  o u t  t h a t  t h e  a s t r o n a u t  used t w i c e  as much f u e l  a s  had been 
planned.  The overconsun~pt ion  of f u e l  took p l a c e  i n  t h e  f i n a l  
gu idance  s t a g e ,  when smal l ,  f i n e l y  c o o r d i n a t e d  movements o f  t h e  hands 
predominate  i n  t h e  motor s t r u c t u r e  of t h e  o p e r a t i o n .  I n  t h e  sane 
f l i g h t ,  h u t  i n  t h e  30 th  o r b i t ,  t h e  same a s t r o n a u t  c a r r i e d  o u t  docking 
w i t h  t h e  Agena-8 r o c k e t ,  using o n l y  87% of t h e  f u e l  a v a i l a b l e  fo r  
t h e  maneuver. 

The a d a p t a t i o n  p r o c e s s  o f  t h e  Voskhod s p a c e c r a f t  crew members 
had a somewhat d i f f e r e n t  n a t u r e .  The a s t r o n a u t s  d i d  n o t  e n c o u n t e r  
p a r t i c u l a r  d i f f i c u l t i e s  i n  pe r f c iming  t h e  working m a n i p u l a t i o n s  
a s s i g n e d  t o  them by t h e  prograxr,. A s  was no ted  above,  a n  a n a l y s i s  o f  
t h e  t i m e  s p e n t  i n  performance o f  a  number o f  o p e r a t i o n s  ( s p a c e c r a f t  
c o n t r o l  work, medica l  man ipu la t ions ,  r t c . ) ,  a s  w e l l  a s  i n  l o g i c  tests, 
showed t h a t  t h i s  t i m e  was c o n s i d e r a b l y  g r e a t e r  a t  t h e  s t a r t  o f  t h e  
f l i g h t  t h a n  i n  subsequent  o r b i t s .  

A s  i s  e v i d e n t  from t h e  m a t e r i a l  p r e s e n t e d ,  t h e  a d a p t a t i o n  
f l u c t u a t i o n s  harmed t h e  a c t i v i t i e s  i n  which t h e  motor a n a l y z e r  p l a y s  
an a c t i v e  p a r t  i n  t h e  o c t p u t .  However, a s  a r e s u l t  o f  s p e c i a l l y  
conducted s t u d i e s ,  a  s i m i l a r  p i c t u r e  was d i s c l ~ s e d  i n  c t h e r  sys tems  
o f  t h e  body. 

A l l  t h e s ?   ateri rials permi t  it t o  b e  assumed t h a t ,  i n  t h e  f i r s t  
o r b i t s  of an  o r b i t a l  s p s x  f l i g h t ,  t h e  c a p a b i l i t i e s  o f  man t o  perform 
p u r p o s e f ~ i l  work, e s p e c i a l l y  motor o p e r a t i o n s ,  a r e  c o n s i d e r a b l y  
r e s t r i c t e d .  I n  connec t ion  w i t h  t h i s ,  a f t e r  t h e  f l i g h t s  o f  t h e  Voskhod 
s p a c e c r a f t ,  it was recommended t h a t  c r i t i ca l  measures ,  connec ted  w i t h  
work a c t i v i t y ,  e s p e c i a l l y  w i t h  performance c f  f i n e l y  c o o r d i n a t e d  
motor a c t s ,  b e  planned i n  t h e  second h a l f  o f  a  one-day f l i g h t .  



A psychophysiological  a n a l y s i s  o f  t h e  c o n d i t i o n  and a c t i v i t y  
of t h e  a s t r o n a u t s  of t h e  Soyuz 3, 4 and 5 s p a c e c r a f t  gave t h e  most 
c l e a r l y  expressed syn~ptomatics  o f  t h e  p rocess  o f  a d a p t a t i o n  i n  f l i g h t .  
Thus, f o r  example, according t o  d a t a  of t h e  dynamics o f  t h e  physio- 
l o g i c a l  func t ions  of G. T. Beregovoy, t h e  most a c t i v e  a d a p t a t i o n  
process  was observed i n  t h e  1st to  1 5 t h  o r b i t s .  I n  t h i s  pe r iod ,  
t h e  h e a r t  r a t e  i n c r e a s e d  t o  104 b e a t s  p e r  minute,  wi th  a  subsequent 
dec rease  i n  p u l s e  r a t e  t o  66 b e a t s  p e r  minute. I n  t h e  second phase 
of t h e  f l i g h t ,  t h e  p u l s e  r a t e  h e l d  a t  t h i s  va lue ,  t y p i c a l  of  t h e  
a s t r o n a u t ,  w i t h  a  sp read  of +5 b e a t s  p e r  minute. 

The pe r sona l  r ecord  o f  G. T. Beregovoy is  i n t e r e s t i n g .  Despi te  
t h e  good genera l  condi':ion, a f f i rmed  by o b j e c t i v e  i n d i c a t o r s  and 
r a d i o  r e p o r t s ,  t h e  a s t r o n a u t  noted some p e c u l a r i t i e s  i n  t h e  first 
hours of t h e  f l i g h t .  Thus, i n  performing purposeful  movements, he 
d i s t i n c t l y  r e g i s t e r e d  an invo lun ta ry ,  b r i e f  pause, between t h e  
"cc~mand" and "execut ion"  elements  of a c t i v i t y ,  which he perce ived 
a s  a  c e r t a i n  " s t a n d s t i l l  of  t ime."  Th i s  cond i t ion  f i rs t  a r o s e  
irrmediately a f t e r  i n j e c t i o n  of t h e  spacecrcif t  i n t o  o r b i t .  During 
approximately t h e  same hours,  t h e  a s t r o n a u t  noted some i l l u s o r y  
percept-ion of s p a t i a l  p o s i t i o n .  I t  appeared w i t h  t h e  eyes  c l o s e d  
and i n  t h e  p o s i t i o n ,  when t h e  head was on t h e  suppor t ;  i n  t h i s  c a s e ,  
it seemed t h a t  t h e  c r a f t  began t o  r o t a t e  around t h e  t r a n s v e r s e  a x i s  
and t h a t  he himself  was thrown l e g s  up. The i l l u s i o n s  d isappeared  
wi th  muscle t e n s i o n ,  wi th  s t r o n g  suppor t  o f  t h e  l e g s  on t h e  w a l l  of 
t h e  c r a f t ,  by means of t i g h t e n i n g  t h e  b inding s t r a p s .  The express ion  i. 
of  t h e s e  p e c u l i a r i t i e s  g r a d u a l l y  decreased,  and they  completely 
disappeared by t h e  10th  t o  15th  hour of  t h e  f l i g h t .  I n  phase I1 of  
t h e  space f l i g h t ,  d e s p i t e  a c t i v e  work involving abrup t  movements of 
t h e  head and t u r n s  of  t h e  body, G. T. Beregovoy d i d  n o t  n o t e  any 
discomfort .  

The crews of Soyuz 4 and Soyuz 5 s u b j e c t i v e l y  confirmed t h e  /368 
presence of an a d a p t a t i o n  pe r iod ,  t o  one e x t e n t  o r  another .  Thus, 
i n  t h e  words of A. S. Yeliseyev,  "On t h e  second c?ay of  t h e  f l i g h t ,  
it was s imple r  t o  work than  on t h e  f i r s t  and, a t  t h e  s t a r t  of  t h e  
t h i r d  day, t h e r e  was t h e  impression t h a t  it was absolute ly  f u l l y  
a s s i m i l a t e d  and t h a t  t h e  p r e s e n t  work s i t u a t i o n  had set i n . "  
B. V. Volynov wrote: "Operat ions which a r e  complicated and d e l i c a t e ,  
from t h e  p o i n t  of  view o f  movement coord ina t ion ,  must be  planned, no t  
e a r l i e r  than a f t e r  a  day. During t h e  f i r s t  days,  some s i n g u l a r i t y  
p r e v a i l s  over  you." Other  crew members hold t o  s i m i l a r  opin ions .  

The i n i t i a l  per iod  of  adap ta t ion  i n  o r b i t a l  f l i g h t  i s  accompanied 
by p e c u l i a r i t i e s  i n  t h e  s u b j e c t i v e  cond i t ion  of  t h e  crew. Immediately 
a f t e r  going i n t o  o r b i t ,  V. A. Shata lov  began t o  exper ience  a  f e e l i n g  
of "bulging o u t  i n  t h e  head,"  s i m i l a r  t o  t h a t  which t a k e s  p lace  on 
e a r t h ,  when a  man is i n  t h e  head down p o s i t i o n  and t h e  blood v e s s e l s  
a r e  o v e r f i l l e d  w i t h  blood. I n  t h e  f i r s t  days of t h e  f l i g h t ,  t h i s  
cond i t ion  was pronounced, al though it d i d  n o t  d i s r u p t  performance 
c a p a c i t y ,  it weakened cons iderably  on t h e  second day and i t  almost  



on the third day. However, some very small manifestations of it 
remained until the end of the flight. This remark was made by V. A. 
Shatalov and A. S. Yeliseyev, after the second flight in Soyuz 8. 
The subjective feeling described has a certain relationship to 
singularities of motor activity and movement coordination. It 
seemed to the astronaut that his center of gravity was displaced 
upward, as a consequence of which, he had to float up in the state 
of weightlessness. This subjective feeling is certainly of "earth 
origin." The spatial orientation stereotype of man apparently 
includes pulses from the interoceptors of the vessels of the brain. 
Because of the increase in blood pressure in the brain vessels in 
the absence of the accustomed afferentation from the vestibular 
apparatus, a subjective feeling of the effect of the force of gravity 
in the direction of the head developed in the astronaut in phase I 
of the stay in orbit. This forced the astronaut to continually hold 
onto the arms of the chair with the hands in the initial period of 
the flight ("so as not to float upn). Of course, such a situation 
leads to unjustified muscle and psychic stress. The fact that the 
"sense of floating up" occcrs in stabilized flight, when there are 
no centrifugal forces causing rotation of the craft, indicates 
that it is precisely the psychophysiological mechanism described of 
the "sense of floating up" which acts in weightlessness. 

Facts confirminq +he presence of an adaptation period have been 
noted in study of cotrdination of movement of the oculornotor group 
of r~uscles, in study of the working visual performance capacity, in d 

study of the ergonomic characteristics of the exiting astronaut and 1) 

of certain other functions. 

Thus, a psychophysiological analysi: of the activity of inves- 
tigators, in simulating the programs of long space flights, as the 
results of studies carried out jointly with the crews of Voskhoc? 
Voskhod 2, Soyuz 1 and Soyuz 9, and facts stated in American publi- 
cations, permit it tc be concluded that there are several phases in 
a space flight. The first phase of the initial adaptation is 
characterized by changes in the condition of many functions, 
especially the function of the static-kinetic analyzer, which 
frequently are accompanied by illusory percrptions of spatial 
position. In subsequent phases, some stabilization of operator 
performance capacity is noted, at a level approximating the baseline 
data. 

Thus, the first experiments give a basis for thinking that /369 
the dynamic characteristics of man, acted on by the conditions of 
a one-day space flight, do not undergo sufficiently serious changes. 
More than that, a 10-minute stay of the operator in open space also 
did not show up in the characteristics. However, it should also be 
emphasized that the activity of a man, with input signals having a 
frequency 02 over 0.5 Hz, is the most subject to the effect of space 
flight conditions. 



Further many-day flights will also permit an answer to t h ~  
question of changes in stability of the astronaut, as p dynamic link 
in the control system, as a function of flight time, the nature of a 
task performed and the conditions in which he finds himself. 

Condition of Working Visual Performance 
Capacity 

A characteristic feature of ran in a space flight is the fact 
that the basic input of information on operation of the spacecraft 
systems and on the external situation is almost only through the 
visual analyzer channel. The monitoring-measuring inst.rurnent 
svatem, by means of which astronauts monitor the operation of all 
spacecraft systems and control it and its systems, belongs here, 
first and foremost. The design of the control systems of prospective 
spacecraft, intended for maneuvering flights, approaching and docking 
of space stations, as well as for accomplishing landings on other 
planets, also is based on the ability of man to detectlSghtsignals 
on one background or another, recognize various types of visual 
images and a number of other properties of the visual analyzer, 
for example, depth perception, visual memory, visual estimtion, 
etc. In this connection, the importance of the level of functional 
ca~3bilities of the vision of an astronaut for successful performance 
of the bulk of the flight tasks is understandable. 

The vision of the astronauts has an important role in their 
performance of planned tasks, during a flight along the earth-moon- 
earth course, especially in landing on the mom. Special light 
conditions of the work of vision in these cases are capable of 
affecting the nature of visual perception. These conditions are 
characterized by a great absolute brightness of observed objects 
with large angular dimensions. For example, the earth and the moon, 
illuminated by the sun appear to an astronaut, at a distance of 
several thousand kilometers, as very bright disks on a black back- 
ground. In this case, as we shall see below, the ability of astro- 
nauts to find and resognize given formations on the surface of these 
planets is strongly reduced. The contrast between the illuminated 
part of the object and its shadow part, which becomes practically 
invisible, reach very high levels, and there are practically no 
half tones. In order to understand the characteristics of vision 
under these conditions, to predict the level of thc visual capabili- 
ties of the astronauts, and this means, to make a judgment of the 
reliability of execution of the entire flight program, again, a 
precise study of vision is necessary. 

The great role of vision in a space flight is determining the 
importance, which is given to study of this problem at the present 
time by specialists of various professions. These data are of 
interest to designers of various space systems, physicians and 
engineering psyctologists. 



Before carrying out a space flight, it can be assumed that 9 the reduction in visual efficiency observed in pilots during aircra t 
flights is greatly increased in orbital space flight, when the effect 
of various unfavorable factors is immeasurably larger. 

Determinaticn of the extent of the effect of space flight on the 
basic characteristics of vision (visual acuity, light sensitivity, 
color vision, etc.) was the first important task of space medicine, 
since this is important for perception of instrument signals and 
the capability of control of the craft. 

Before flights in space, it could be assumed that the absence 
of the effect of gravity in orbital flight would cause deformation 
of the shape of the eyeball, to one extent or another, and that this, 
in turn, would be reflectedinsome way on the functional capabilities 
of the eyes. It could also be expected that, in the state of 
weightlessness, the oculomotor apparatus would lose the coordination 
of movement, worked out in the process of living on earth, to a 
greater or lesser extent, and that this would lead to definite 
disruptions of the perception of viscal images, deterioration in 
depth perception and the capacity for accommodation and other 
functions of the eyes. 

i 

It was not clear how the liquid and semiliquid media of the J .  

eye behave in weightlessness and whether or not the nature of the 
occurrence of the biochemical processes in the eye remain unchanged 
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and what effect all this has on vision. These questions waited for 
solution. 

The start of these studies involved experiments in flights 
along the Kepler trajectory. The briefness of these studies and the 
instability of weightlessness led to the appearance of artefacts in 
the first periods (and, unfortunately, lead to them at the presenr 
time). The results obtained frequently were very inconsistent. 
Thus, for example, according to the data of American authors, visual 
acuity decreased under these conditions, by 6% on the average. 
A. A. Volkov, Ye. S. Zav'yalov (1965) and L. A. Kitayev-Smyk (1963) 
also noted a reduction in visual activity ir, the period of onset of 
weightlessness, in which, according to their observations, :x-ing 
a subsequent stay in weightlessness, it is restored or even sxceeds 
the established level in some persons (such changes take place in 
25-40 sec under weightlessness conditions). Subsequently, L. A.  
Kitayev-Smyk noted an increase in the subjective brightness of 
colors, especially yellow. According to his hypothesis, the visual 
reactions developing in weightlessness are caused by disruption of 
the integrative processes, in both the centers and the periphery of 
the visual analyzer, in particular, by a reduction in the tonus of 
individual eye ~uscles. Digressing ahead, it could be noted that 
the similar studies, conducted in actual space flight, during the 
prolonged action of weightlessness, does not make it possible for us 
to agree with these conclusiocs. Study of the functional indices in 
brief weightlessness should be taken as a tentative, orienting step. 



In the very ohort time of action of action of weightlessness, the 
body does not succeed in adapting to the conditions of the experi- 
ment, and its indicators will characterize, not the settled, but 
some transitional (from g-forces) values of the function studied. 

The functional state of visual performance capacity of the 
astronauts in an actual flight is judged by three basic documents: 
a) the reportsofthe astronauts (subjective evaluation of the 
visual function); b) the results of studies, using special tests 
and scientific apparatus; c) reports on execution of visual work 
during flight. 

The reports of the astronauts on the capabilities of visual 
observation of the surface of the earth and objects in space are o 
great interest, from the point of view of, not only the effect of 
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prolonged weightlessness on the resolving power and other functions 
of vision, but of the effect of weightlessness on the process of 
comprehension of the information obtained. 

Data on the visual acuity of the astronauts, calculated on the 
basis of certain data of observation of the surface of the earth by 
the astronauts, are presented in Table 86. 

TABLE 86 i 
APPROXIMATE VISUAL ACUITY IN 0BSER'7ATION OF OBJECTS 
OUTSIDE THE CABIN 

Object Observed 
Rivers of the Amazon, Volga, 

Nile t y  E. 
Malor ~ s p R i i t  mads wgYfa tke sea i n  roadsteads 

underwa 
Aircraft contrails and tKeir 

shadows on the earth 
Beach zones (Caucasus) 
Railroads 
As is evid&nt, visual acuity in orbital flight exceeds the 

average standard; however, this concerns linear, extended objects 
(roads, aircraft contrails, etc.), for which visual acuity under 
earth conditions also is increased to a greater extent than indi- 
cated in Table 86,  in a number of cases (S. V. Kravkov, 1950). 
Moreover, the objects listed (roads, runways, beach zones, etc.) 
were observed by the astronauts, in the form of bright lines on a 
dark background. In this case, as a consequence of the phenomenon 
of irradiation, the visual angul&i size of objects is increased 
to some extent, and visual acuity, detemined frcm the actual 
sizes of these objects, appears to be overstated. In connection 
with this, on the whole, on a basis of the data presented, specific 
quantitative conclusions cannot be drawn, as to changes in visual 
acuity under weightless conditions, in observation of objects 
outside the cabin; however, it can be said with great confidence 

pproxi e 
O l U t  (EFltk Visual 
minutes) 

a t  least  10-20 
0.2---0.5 

Acuity 

over 0.1-0.05 
5-2 

0.3-  I .o 2- 1 
o..i--1 .5 I 3-0.7 

I-? I--0. { 

n. 4-0.6 ~ %--I 7 
0.3-0 5 ,-..? 
0.4-0.8 9 -,- . 1 2 



t h a t  s i g n i f i c a n t  changes i n  t h e  f u n c t i o n a l  c a p a b i l i t . i e s  of  v i s i o n  
i n  a space  f l i g h t  do n o t  t a k e  p lace .  

S o v i e t  and American a s t r o n a u t s  r e p o r t  t h a t  t h e  c o l o r  of  t h e  
s u r f a c e  of t h e  e a r t h  appears  t o  be  approximately t h e  same as from 
h i g h - a l t i t u d e  a i r c r a f t .  They n o t e  a g r e a t  d i v e r s i t y  of  a z u r e  and 
b l u e  tones  of t h e  oceans and s e a s ,  t h e  malach i t e  c o l o r  o f  t h e  wa te r  
i n  Lake Baykal and t h e  d e l i c a t e  azure  of t h e  a e r i a l  haze close t o  
t h e  hor izon of  t h e  e a r t h .  I n  t h e  op in ions  o f  t h e  a s t r o n a u t s ,  t h e  
r i c h n e s s  of t h e  tones  of t h e  wa te r ,  from t h e  b lue- t inged b lack  
c o l o r  t o  d e l i c a t e  a z u r e ,  is  determined by v a r i o u s  a l t i t u d e s  and 
azimuths of t h e  sun up above t h e  p o r t i o n  of  t h e  s u r f a c e  of  t h e  
e a r t h  being observed,  as w e l l  a s  by d i f f e r e n t  sun a n g l e s ,  i .e . ,  t h e  
ang le  a t  which t h e  sun and t h e  s p a c e c r a f t  a r e  seen from t h e  ter- 
r e s t r i a l  o b j e c t  observed. 

The a s t r o n a u t s  d e s c r i b e  spzce dawns i d e n t i c a l l y ;  they  a r e  
d i s t i n g u i s h e d  by a d i v e r s i t y  of  warm t o n e s ,  from carmine red  through 
r e d ,  c innabar  r e d ,  orange and yellow, t o  g r e e n i s h ,  wi th  a t r a n s i t i o n  
t o  t h e  dark  b l u e  tone  o f  t h e  s h i n i n g  atmosphere a t  g r e a t  angu la r  
d i s t a n c e s  from t h e  hor izon of t h e  e a r t h .  The a s t r o n a u t s  d i s -  /372 
t i n g u i s h  w e l l  t h e  tones  of t h e  c o n i f e r  and leavcd f b r e s t s ,  young 
green shoo t s  o f  p l a n t i n g s ,  green f o r e s t  p r o t e c t i o n  b e l t s ,  e t c . ,  and 
t h e  e a s i l y  d i s t i n g u i s h e d  s o i l s  by c o l o r :  sandy, podzol,  rocky 
p l a t e a u s  i n  mountain reg ions ,  and t h e  Bordeaux-tinged c o l o r  of t h e  
rocky and sandy reg ions  of  Af r i ca .  The American a s t r o n a u t s  have 
noted t h e  c o l o r  c h a r a c t e r i s t i c s  of l u n a r  rocks  and s o i l s  on t h e  
n~oon, which, i n  some p o s i t i o n s  o f  t h e  a s t r o n a u t ,  r e l a t i v e  t o  t h e  
d i r e c t i o n  of  t h e  s u n l i g h t ,  took on a s l i g h t l y  warmish-brown tone  and, 
sometimes, appeared t o  be n e u t r a l  grays .  

A l l  t h e s e  r e s u l t s  of obse rva t ion  of t h e  c o l o r s  o f  o b j e c t s  i n  
space p e r n i t  it t o  be cons idered  t h a t  apprec iab le  changes i n  t h e  
s u b j e c t i v e  c o l o r  senses  of t h e  a s t r o n a u t s  do no t  t a k e  p l a c e  i n  f l i g h t ;  
t h e  co lo r -v i s ion  func t ion  remains p r a c t i c a l l y  unchanged. 

I t  a l s o  i s  known from t h e  r e p o r t s  of  t h e  a s t r o n a u t s  t h a t  they  
could  observe such phenomena a s  t h e  f a i n t  glow of t h e  c loud cover  on 
t h e  n i g h t s i d e  of t h e  e a r t h ,  under which i l l u m i n a t e d  c i t i e s  a r e  
l o c a t e d ,  a i r c r a f t  c o n t r a i l  shadows on t h e  s u r f a c e  of t h e  e a r t h ,  
smoky s t r i p s  along t h e  primary wind r o s s  d i r e c t i o n   fro^ i n d u s t r i a l  
e n t e r p r i s e s ,  darkening of t h e  snow along main r a i l r o a d  l i n e s ,  s torms 
and typhoons i n  t h e  ocean, and smoke t r a i l s  from f o r e s t  f i r e s .  
D i f f e r e n t  depths  of t h e  s e a s  and oceans i n  t h e  c o a s t a l  zones a r e  
seen w e l l  from space,  by means o f  t h e  d i f f e r e n t  i n t e n s i t i e s  of  ?;lor 
of t h e  water  and d i f f e r i n g  b r i g h t n e s s  of  s e p a r a t e  s e c t i o n s  of  t h e  
water  a r e a s .  



These r z s u l t s  o f  o b s e r v a t i o n s  by t h e  a s t r o n a u t s  i n d i c a t e  t h a t  
the c o n t r a s t  s e n s i t i v i t y  o f  t h e i r  v i s i o n  o r ,  i n  o t h e r  words,  i t s  
d i s c r i m i n a t i n g  power, a l s o  does  n o t  undergo n o t i c e a b l e  changes.  

I t  ha? long  been known t h a t ,  d u r i n g  a f l i g h t ,  t h e  a s t r o n a u t s  
saw stars cr t h e  n i g h t s i d e  of  t h e  e a r t h  and c i t y  l i g h t s  w e l l  and 
d i s t i n g u i s h e d  networks o f  streets. The a s t r o n a u t s  r e p e a t e d l y  
observed  storms; as t h e y  n o t e ,  l i g h t n i n g  i s  a ve ry  f r e q u e n t  phenomenon 
on o u r  e a r t h .  

There  are some d i sag reemen t s  among t h e  a s t r o n a u t s ,  r e l a t i v e  t o  
t h e  v i s i b i l i t y  o f  stars above t h e  d a y s i d e  o f  t h e  e a r t h  ( w i t h o u t  t h e  
e a r t h  i n  t h e  f i e l d  o f  v i s i o n ) .  However, t h e s e  d i sag reemen t s  a r e  
produced by none o t h e r  t h a n  i n s u f f i c i e n t  a l lowance  f o r  t h e  r a t e  o f  
d a r k  a d a p t a t i o n  o f  v i s i o n  and t h e  speed o f  l i g h t  a d a p t a t i o n .  
F requen t ly ,  i n  d i s c u s s i o n s  o f  t h e  q u e s t i o n  o f  v i s i b i l i t y  o f  t h e  s t a r s  
by day, it i s  f o r g o t t e n  t h a t  complete  d a r k  a d a p t a t i o n  sets i n  o n l y  
a f t e r  50-60 minutes .  Thus,  even when a n  a s t r o n a u t  looked a t  t h e  
b r i g h t  s u r f a c e  o f  t h e  e a r t h  i n  t h e  las t  o r b i t ,  i n  t h e  n e x t  e x i t  from 
t h e  shadow o f  t h e  e a r t h ,  h i s  e y e s  s t i l l  do n o t  acqu ixe  comple te  
l i g h t  s e n s i t i v i t y ,  and a  p o r t i o n  o f  t h e  s t a r s  ( f o r  example,  5 t h  and 
6 t h  macni tudes)  w i l l  n o t  b e  s een  by him. I f  t h e  a s t r o n a u t  l o o k s  a t  
t h e  b r i g h t  s u r f a c e  o f  t h e  e a r t h  i n  a  g iven  pas sage  o v e r  t h e  d a y s i d e  
o f  t h e  e a r t h  (and t h i s  most f r e q u e n t l y  w i l l  b e  by v i r t u e  o f  w e l l -  
known p s y c h o l o g i c a l  r e a s o n s ,  de t e rmin ing  movement o f  t h e  gaze  toward 
t h e  b r i g h t e s t  object i n  t h e  f i e l d  of v i e w ) ,  t h e  l i g h t  s e n s i t i v i t y  o f  
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v i s i o n  may be  dec reased  by a  f a c t o r  o f  3-3.5. I n  t h i s  case, one or  
t w o  s t a r s  w i l l  b e  s e e n ,  and t h e  b r i g h t n e s s  o f  t h e  rest o f  t h e  s t a r s  
w i l l  be  below t h e  t h r e s h o l d  o f  l i g h t  s e n s i t i v i t y .  T h i s  is a c t u a l l y  
t h e  c a s e .  The unanimous r e p o r t s  a r e  t h a t ,  o n l y  t h e  s t a r s  S i r i u s  and 
Canopus (-1.6 and -0.9 magni tudes ,  r e s p e c t i v e l y )  a r e  v i s i b l e  on t h e  
d a y s i d e  o f  t h e  e a r t h .  However, it is n a t u r a l  t o  assume t h a t  such a  
deep-seated d i s a d a p t z t i o n  o f  v i s i o n  most o f t e n  w i l l  n o t  o c c u r ,  and,  
t h e n ,  t h e  a s t r o n a u t s  see s t a r s  o f  z e r o ,  1st and ,  ve ry  r a r e l y ,  s t a r s  
o f  2nd and 3 rd  magnitudes.  Morecver, it i s  a random m a t t e r  t o  / 3 7 3  
n o t i c e  a weak s t a r ,  s i n c e  t h e  s e n s i t i v i t y  c f  t h e  r e t i n a  d i f f e r s  i n  
d i f f e r e n t  p l a c e s  i n  it. I t  changes up t o  1-1/2 - 2  t i m e s .  
Accommodation o f  t h e  dark-adapted eye  i n  an  u n o r i e n t e d  f i e l d ,  which 
t h e  s t a r l e s s  sky of  s p a c e  i s ,  is c h a r a c t e r i z e d  by a  myopia o f  from 
0.6 t o  1 d i o p t e r .  The l a t t e r  c i rcun;s tance l e a d s  t o  t h e  s i t t a t i o n  
t h a t  t h e  s c a t t e r i n g  c i r c l e  o f  s t a r  images on t h e  r e t i n a  w i l l  have 
a  d i ame te r  o f  abou t  0.05 IIUR, i n s t e a d  o f  a  s i z e  o f  0.01 mrn, due o n l y  
t o  d i f f r a c t i o n  o f  l i g h t  by t h e  edge o f  t h e  p u p i l ,  and i l l u m i n a t i o n  
o f  t h e  r e t i n a  w i l l  b e  reduced by 20-25 times, on t h e  a v e r a g e ,  which 
may prove t o  b e  comple te ly  adequa te ,  f o r  t h e  i l l u m i n a t i o n  o f  t h e  
r e t i n a  by t h e  s t a r  t o  be  s u b t h r e s h o l d .  Inc reased  m o b i l i t y  o f  t h e  
e y e  may p l a y  a l a r g e  p a r t  i n  t h i s  m a t t e r ,  by d e c r e a s i n g  t h e  e f f e c t i v e  
i l l u m i n a t i o n  o f  t h e  r e t i n a ,  a s  t h e  consequence o f  a  c e r t a i n  i n e r t i a  
o f  v i s i o n  (A.  V. Luizov,  1961) .  



A s  i s  c l e a r ,  t h e  d i sag reemen t s  of t h e  a s t r o n a u t s  on t h e  q u e s t i o n  
o f  v i s i b i l i t y  o f  t h e  stars above t h e  d a y s i d e  of  t h e  e a r t h  are due 
t o  a  l a r g e  number o f  f a c t o r s ,  which sometimes have a d e c i s i v e  effect 
on it. S i n c e  t h e  e f f e c t  o f  v a r i o u s  f a c t o r s  d i f f e r s  i n  e a c h  i n d i -  
v i d u a l  case, the r e s u l t s  o f  s ta r  o b s e r v a t i o n s  a r e  d i f f e r e n t .  It 
shou ld  a l s o  b e  added t h a t  a l l  t h e  a s t r o n a u t s  n o t e  t h e  tremendous 
number o f  stars i n  t h e  sky  above t h e  n i g h t s i d e  o f  t h e  e a r t h .  I n  t h e  
o p i n i o n s  of  some a s t r o n a u t s ,  it is even c a p a b l e  o f  s i g n i f i c a n t l y  
hampering t h e  f i n d i n g  o f  t h e  r e q u i r e d  stars and c o n s t e l l a t i o n s  i n  
t h e  sky. 

A n a l y s i s  o f  s u b j e c t i v e  e v a l u a t i o n s  of  the v i s u a l  f u n c t i o n ,  on 
t h e  b a s i s  o f  t h e  r e p o r t s  of t h e  a s t r o n a u t s ,  l e a d s  t o  t h e  c o n c l u s i o n  
t h a t  no s i g n i f i c a n t  changes i n  t h e  l i g h t  s e n s i t i v i t y  o f  t h e  v i s i o n  
o f  t h e  a s t r o n a u t s  i n  f l i g h t  t a k e  p l a c e .  The l i g h t  s e n s i t i v i t y  
remains  p r a c t i c a l l y  unchanged. However, t o  s o l v e  p r a c t i c a l  problems, 
t h e  u se  o f  t h e  v i s u a l  communications channe l  o f  man, when h e  is  
i n c l u d e d  i n  t h e  c o n t r o l  system,  more complete  and o b j e c t i v e  d e t a  
a r e  neces sa ry .  Tasks t o  s t u d y  i n d i v i d u a l  v i s u a l  f u n c t i o n s  were set 
up f o r  t h i s  purpose ,  beg inn ing  w i t h  t h e  second s p a c e  f l i g h t .  

The most p u r p o s e f u l ,  o b j e c t i v e  s t u d i e s  o f  t h e  effect  of  pro- 
lcnged  w e i g h t l e s s n e s s  were c a r r i e d  o u t  i n  t h e  f l i g h t  o f  t h e  Voskhod 
s p a c e c r a f t ,  and t h e y  were con t inued  by t h e  crew o f  Voskhod 2. 
Methods o f  o b j e c t i v e  s t u d y  o f  t h e  r e s o l v i n g  power of  t h e  v i s u a l  i 

a n a l y z e r ,  t h e  dynamics o f  v i s u a l  o p e r a t i n g  performance c a p a c i t y  and 
c h a r a c t e r i s t i c s  of p e r c e p t i o n  o f  v a r i o u s  o b j e c t  c o l o r s  by man were 1 
i nc luded  i n  t h e  prograr .  o f  t h e s e  s t u d i e s .  

A man w i t h  good v i s i o n  i s  c a p a b l e  o f  d i s t i n g u i s h i n g  t w o  s e p a r a t e  
p o i n t s ,  i f  t h e  a n g u l a r  d i s t a n c e  between them is  e q u a l  t o  o r  g r e a t e r  
t h a n  1 min. I n  connec t ion  w i t h  t h i s ,  t h e  r e s o l v i n g  power o f  v i s i o n  
ir. a space  f l i g h t  was de te rmined ,  by means o f  a set o f  l i n e d  g l o b e s ,  
p a s t e d  i n  t h e  l o g  of t h e  a s t r o n a u t  and examined from a f i x e d  d i s t a n c e  
o f  300 m. The set inc luded  2 5  g l o b e s  w i t h  v a r i o u s  l i n e  f r e q u e n c i e s ,  
p e r m i t t i n g  v i s u a l  a c u i t y  t o  be t e s t e d  from 0 .3  t o  2.2 u n i t s .  More- 
o v e r ,  as a  c o n t r o l ,  t h e  v i s u a l  a c u i t y  o f  t h e  Vostok s p a c e c r a f t  crew 
commander V. M. Komarov i n  f l i g h t  was t e s t e d ,  by means o f  a  Landol t  
r i n g .  T o  e l i m i n a t e  t h e  e f f e c t  o f  a s t i gma t i sm o f  t h e  e y e s  on v i s u a l  
a c u i t y ,  each  g l o b e  i n c l u d e d  f o u r  g roups  o f  l i n e s ,  t h e  d i r e c t i o n s  o f  
which d i f f e r e d .  The a s t r o n a u t  had t o  f i n d  t h e  g l o b e ,  on which he 
cou ld  b a r e l y ,  b u t  comple te ly  c o n f i d e n t l y ,  d i s t i n g u i s h  t h e  d i r e c t i o n  
of  t h e  l i n e s  i n  a l l  f o u r  groups .  

To c a l c u l a t e  v i s u a l  a c u i t y ,  u s i n g  t h e  l i n e d  g l o b e s  and t o  
e x p r e s s  it i n  normal u n i t s  a s  t h e  i n i t i a l  d a t a ,  t h e  e i s t a n c e  from 
t h e  t o p  o f  t h e  cornea  o f  t h e  eye  o f  t h e  o b s e r v e r  t o  t h e  s u r f a c e  o f  
t h e  g l o b e  (1 i n  millimeters) and t h e  number o f  l i n e s  o f  t h e  g l o b e  
p e r  mm o f  i t s  l e n g t h  (N) were used.  I r  t h i s  c a s e ,  t h e  w id th  o f  t h e  
w h i t e  i n t e r v a l  w i l l  be  1/2 N.  The r a d i a l  measure o f  t h e  a n g l e ,  a t  
which t h e  o b s e r v e r  sees t h e  w h i t e  i n t e r v a l  a ,  i s  de te rmined  by t h e  
q u a n t i t y  



On t h i s  b a s i s ,  t h e  express ion  f o r  c a l c u l a t i o n  of v i s u a l  a c u i t y  
is  w r i t t e n  i n  t h e  form V i s  = C 5 -  10-4.  

To develop t h e  connect ion between v i s u a l  a c u i t y ,  determined by 
t h e  normal method from Civ t sev  ~ a b l e s  and c a l c u l a t e d  by t h e  method 
i n d i c a t e d  above, a series of c o r r e l a t i o n  tests was conducted, i n  
which 51 subjects (102 s t u d i e s )  p a r t i c i p a t e d .  The v i s u a l  a c u i t y  of 
t h e s e  persons  was i n i t i a l l y  determined from t h e  C i v t s e v  t a b l e s  
(Lsndolt  r i n g )  and, t h e n ,  from t h e  l i n e d  globes.  To do t h i s ,  t h e  
l i n e d  g lobes  were glued t o  test t a b l e s  i n  o r d e r  of i n c r e a s i n g  
complexity,  and they were exposed t o g e t h e r  wi th  t h e  Landolt  r i n g s ,  
wi th  t h e  same i l l u m i n a t i o n ,  b u t  a t  t h e  s t andard  d i s t a n c e  of 300 mm. 

Only t h e  d a t a  of  those  persons  who c o r r e c t l y  determined t h e  
d i r e c t i o n  of t h e  l i n e s  i n  a  s e l e c t e d  globe and had a  v i s u a l  a c u i t y  
of 1.0 i n  each eye,  according t o  t h e  Civ t sev  t a b l e s ,  were s u b j e c t e d  
t o  s t a t i s t i c a l  process ing  and c o r r e l a t i o n .  17  men tu rned  o u t  t o  be 
such s u b j e c t s .  The r e s u l t s  ob ta ined  almost  corresponded t o  t h e  
v i s u a l  a c u i t y  determined by t h e  two methods i n d i c a t e d ;  t h e  v i s u a l  
a c u i t y ,  found fro111 t h e  Civ t sev  t a b l e ,  and equa l  t o  1.0 f o r  each eye,  4 

E corresponded t o  v i s u a l  acui ty ,de termined from t h e  l i n e d  g lobe ,  
of 1.0 k0.03. The conduct of  c a r e f u l  c o r r e l a t i o n  s t u d i e s  b e f o r e  t h e  
primary tests made it nf-1-sssary t o  o b t a i n  o b j e c t i v e  r e s u l t s ,  n o t  
causing doubt i n f l i g h t  ( a  unique and c o s t l y  exper iment) .  

Besides we igh t l e s sness ,  a number of o t h e r  f a c t o r s  a f f e c t  t h e  
human body under space  f l i g h t  cond i t ions .  To d i f f e r e n t i a t e  t h e  
e f f e c t s  of  we igh t l e s sness ,  s t u d i e s  a l s o  were c a r r i e d  o u t  wi th  space- 
c r a f t  crews i n  t h e  t r a i n i n g  s p a c e c r a f t ,  i n  which a l l  space f l i g h t  
c o n d i t i o n s ,  wi th  t h e  except ion  of weightlessness, were s imula ted .  
On t h i s  b a s i s ,  it was determined t h a t  t h o s e  a d d i t i o n a l  changes, which 
were noted i n  f l i g h t ,  a r e  b a s i c a l l y  t h e  r e s u l t  of t h e  e f f e c t  of 
prolonged we igh t l e s sness  on t h e  human body. 

I n  a n  a n a l y s i s  of  t h e  r e s o l v i n g  power of t h e  v i s i o n  of t h e  
a s t r o n a u t s ,  sha rp  d e v i a t i o n s  were ob ta ined  dur ing  s t u d i e s  i n  t h e  
t r a i n i n g  s p a c e c r a f t ,  compared wi th  o p t i c a l  l a b o r a t o r y  cond i t ions .  
These changes a r e  e a s i l y  expla ined by t h e  a d a p t a t i o n  p rocesses  of  
t h e  human body, under c o n d i t i o n s  which a r e  new t o  it. 

Astronauts  V. M. Komarov, P. I. Belyayev, A. A.  Leonov, B. B. 
Yecjorov, G. T. Bkregovoy, V. A .  Shata lov ,  B. V. Volynov, Ye. V. 
Khrunov, A. S. Yeliseyev,  G. S. Shonin, V.  N. Kubasov, A .  V. 
F i l ipchenko,  V. N .  Volkov, V. V. Gorbatko, V. I. Sevast 'yanov and 
A. G. Nikolayev worked wi th  t h e  procedures developed f o r  s tudy  of  
v i s i o n  i n f l i g h t ,  a t  va r ious  s t a g e s  of it. They c a r r i e d  o u t  a  l a r g e  



number of studies of the resolving power of the visual analyzer. 
Analysis of the results obtained gives a basis for agreeing with the 
authors, who deny a sharp effect of prolonged weightlessness on visu- 
al acuity of astronauts, but only with the stipulation that these 
changes do not develop in the course of a one-day space flight. 

The level of the working visual performance capacity was de- 
termined, by means of a set of the same lined globes. 

In this case, the task of the subject was determination of the 
element of the globe, in which he not only saw the direction of the 
lines, but could count up the number of them. The quality of the 
working vi;ual performance capacity was determined from the number 
of globes with which the astronaut worked, the number of errors 
made and the working time on the test. These parameters also were 
t~orked out initially with healthy people, having normal visual 
acuity (102 studies). In this investigation, a voluntary choice of 
globe s i ~ e  eliminated the effect of visual acuity on the test 
results, since, in any case, the subjects, according to the con- 
ditions of the experiment, worked with quantities, wh,ch were /375 
above their thresholds. To exclude memorization, the order of 
placing the globes on the tables was varied. The results of this 
group were used as the baseline data for the data obtained in flight 

The reduction in reliability of work of the astronauts inflight 
was determined from the ratio of the number of errors to the actual 
number of lines counted. The working time on the test, as well as 
the dimensions of the lices selected for counting, with respect to 
the resolution threshold of the eye in this period, played a large 
part in the correlated characteristics of the visual operating 
activity. 

The results obtained inflight, for one of the groups of astro- 
nauts, are presenteu as an example in Fig. 112. As is evident from 
the data presented, the greatest reduction in reliability in work 
was that of physician-astronaut B. B. Yegorov (by 43%). The reason 
for this evidently is the accelerated training course of R. B. 
Yegorov as an astronaut; his body was still liktle conditioned to 

, the unusual conditions of weightlessness. Among the other astro- 
nauts completing the full training course, these changes vcre much 
less, amounting to 19-26%. 

The effect of special training exercises on this visual function 
is indicated by the data presented in Fig. 113. In the Voskhod flight, 
the astronauts determined visual acuity by the lined globes twice, 
with a time break of about 9 hours. The stability of the indices of 
V. M. Komarov and deterioratio~ of this function in 8 .  B. Yegorov 
are evident. A similar conclusion can be reached by analysis of the 
multiplicity factors of the superthreshold increases in counting 
the lines. Thus, B. B. Yegorov took a globe for counting the lines, 
the resolution of which exceeded the threshold of his visual acuity 
by 4 5 % ,  while this value varied from 15 to 25% for the remaining 
astronauts. 
422 



Con- Con- Con- 
di t i o n s  d i t i o n s  d i t i o n ~  di  tiona 

0 Reliability 

Fig.  112. R e l i a b i l i t y  and t i m e  af o p e r a t i n g  v i s u a l  
a c t i v i t y  o f  a s t r o n a u t s  

Why does t h i s  type  ef a c t i v i t y  
de t . e r io ra te ,  wi th  t h e  v i b ~ a l  re- 
s o l v i n g  power unchanged under weight- 

* 
. - - _______ .  l e s s  cond i t ions?  It  :s known t h a t ,  

3 i n  count ing  f i x e d  l i n e a r  o b j e c t s ,  
t! E t h e  eye  must mov,, i . e . ,  qu ick ly  e EL\ 1. change t h e  p o i n t  of  f i x a t  . L  n. 
u 8 \ /, 
0 

According z.) t h e  d a t a  o f  ;: Har t r idge  . 
%\ (1952),  t h i s  change i n  f i x a t i o n  

21 y./- 4J 
-4 * /Kd t a k e s  p l a c e  very qu ick ly ,  i n  approxi- 
,-I .,,I., +) mately 1/60 sec, i n  which t h e  d u r a t i o n  
; .$' of  t h e  s h i f t  o f  f i x a t i o n  p o i n t  
4 
rl Z depends on t h e  ang le ,  a t  which t h e  

P p o i n t  is  seen by t h e  observer .  I f  
a p o i n t  l o c a t e d  a t  an ang le  of  lo 

Orbit (which i s  approximately observed 
i n  t h e  g lobe  count)  i s  cons idered ,  
t h i s  t i m e  i s  approximately 0.01 sec, 

Fig. 113. Visual  opera t ing  0.02 sec a t  an ang le  of 2' (A. L. 
performance c a p a c i t y  dur ing  Yarbus, 1954).  I n  s i g h t i n g  two 
space f l i g h t :  1, r e l i a b i l i t y  s i m i l a r  l i n e s  of  t h e  g lobe ,  t h e  
of work of V. M. Komorov; a s t r o n a u t  f i x e s  h i s  lcok a t  a 
2, r e l i a b i l i t y  of  work of  minimum o f  four p o i n t s ,  i n  changing 
B. B. Yegorov; 3, working t h e  t h e  nex t  l i n e ,  fouz more p o i n t s ,  
time of V. M. Komorov; e t c .  I n  t h i s  manner, a p rev ious ly  
4 ,  working t i m e  of B. B. p ~ . - o g r m e d  s e r i e s  of  p u l s e s  reaches  

1-orov Y e ;  t h e  eye  muscles,  wi th  a r e p e t i t i o n  
r a t e  on t h e  o r d e r  of  one p u l s e  pe r  

0.01 sec .  Under we igh t l e s s  c o n d i t i o n s ,  t o g e t h e i  wi th  t h e  genera l  
d i scoord ina t ion  of movement, t h e  oculomotor group of muscles l o ~ e s  
coord ina t ion  t o  some e x t e n t ,  b u t  t h e  mass of  t h e  eye  and i t s  
moment of  i n e r t i a  remain unchanged; however, because of l o s s  of  
weight ,  t h e  f r i c t i o n  i n  t h e  moving t i s s u e s  o f  t h e  eyes  dec reases  
and, t h e r e f o r e ,  t h e  f o i c e  of  t h e  muscle group, which should change 
t h e  f i x a t i o n  p o i n t  o t  t h e  gaze, becomes excess ive .  A s  a consequence 
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o f  t h i  -, t h e  look "jumps over" t h e  r e q u i r e d  p o i n t ,  P new ad jus tmen t  
o f  t h e  e y e s  i s  n e c e s s a r y ,  b u t  it is  d i f f i c u l t  t o  do  t h i s  i n  t h e  
a s s i g n e d  segment a f  t i m e ,  s i n c e  t h e  f o l l o w i n g  p u l s e  t a k e s  p l a c e  a f t e r  
0 .01  aec ;  it e n t e r s  d u r i n g  t h e  r e f r a c t o r y  phase  and ,  consequenty,  i t  
i s  omi t t ed .  Thus, it seems t h a t  t h e  pr imary  c a u s e  o f  r e d u c t i o n  i n  
r e l i a b i l i t y  o f  v i s u a l  o p e r a t i o n s  under  v d g h t l e s s n e s s  c o n d i t i o n s  
i s  d i s c o o r d i n a t i o n  o f  t h e  oculomotor  a p p a r a t u s .  T h i s  does  n o t  set  
i n ,  i n  c o u n t i n g  l a r g e r  d e t a i l s ,  s i n c c  t h e  r e p e t i t i o n  p e r i o d  of  
p u l s e s  i n c r e a s e s  s h a r p l y  w i t h  i n c r e b s e  i n  a n g l e  o f  r e s o l u t i o n .  
Data from long  f l i g h t s ,  c a r r i e d  o u t  i n  a s e a l e d  s p a c e c r a f t  c a b i n  1376 
s i m u l a t o r ,  when t h e  v i s u a l  o p e r a t i n g  per fcnnance  c a p a c i t y  d e c r e a s e s  
o n l y  i n  t h e  f i r s t  hou r s ,  b u t  is  r e s t o r e d  subsequen t ly  and remains  a t  
t h e  same l e v e l ,  a r e  : . I  f a v o r  o f  t h i s  h y p o t h e s i s .  Consequent ly ,  it 
can  be  assumed t h a t  t h e  e f f e c t  o f  w e i g h t l e s s n e s s  is t h e  b a s i s  o f  
d i s r u p t i o n  o f  t h e  v ; s u c l  o p e r a t i n g  performance c a p a c i t y  i n  f l i g h t .  

Meas~rrtment o f  t h e  c o n t r a s t  s e n s i t i v i t y  o f  v i s i o n  was c a r r i e J  
o u t ,  by means uf s s p e c i a l  t a b u l a r  t e s t .  

Thz v i s u a l  c o n t r a s t  s e n s i t i v i t y  measurements i n  space  f l i g h t  
were c a r r i e d  o u t  by t h e  Soyuz 3, Soyuz 4, So:.uz 5 and Soyuz 9 crew 
nienbers. 

I t  was a  t a b l e  conta in inc j  70 circles, d i v i d e d  i n  two and having  
c o n t r a s t  becween h a l v e s .  The  t s s k  o f  t h e  a s t r o n a u t  i n c l u d e d  
r e c o r d i n g  o f  t h e  d i r e c t i o n  o f  t h e  i n t e r f a c e  o f  t h e  h a l v e s  o f  t h e  
circles. The working t i m e  o f  t h e  a s t r o n a u t s  on t h e  circles having  
d i f f e r e n t  c o n t r a s t  was r eco rded  s imu l t aneous ly  w i t h  t h e  r e s u l t s  o f  
work on t h i s  test. C a l c c l a t i o n  of t h e  t h r e s h o l d  v i s u a l  c o n t r a s t  
v a l u e  was c a r r i e d  o u t ,  on t h e  basis of e r r o r s  committed and co r -  [377 
rect answers ,  a s  t o  t h e  d i r e c t i o n  o f  t h e  d i v i d i n g  l i n e  o f  t h e  h a l v e s  
o f  t h e  circles. The ave rage  v a l u e  o f  t3e c o n t r a s t  of  t h e  circles,  
f a l l i n g  i n  t h e  range  i n  which t h e  a s t r o n a u t s  s imu l t aneous ly  committed 
e r r o r s  and so lved  problems c o r r e c t l y ,  was used a s  t h e  t h r e s h o l d  
va lue .  With s e l e c t e d  c h a r a c t e r i s t i c s  o f  t h i s  test ,  5-7 c i r c l e s  f e l l  
i n  t h i s  r ange ,  a s  a r u l e .  With un i form d i s t r i b u t i o n  of  t h e  nwnber 
o f  circles by c o n t r a s t  v a l u e s  w i t h i n  t h e  working l imi ts  of  t h e  
measurement.s (from 0.01 t o  0 . 1 ) ,  which was provided  i n  f a b r i  a t ion  
o f  t h e  t a b l e s ,  t h e  s t a n d a r d  e r r o r  o f  one measurement of  c o n t r a s t  
s e n s i t i v i t y  was c 5 t a i n e d  (because  o f  t h e  l i m i t e d  number cf circles 
used i n  t h e  c a l c u l a t i o ~  o f  I' it e q u a l s  212-13.5%). The t o t a l  
errci o f  t a e  ne thod ,  a l iowiD$hfor  a l l  f a c t o r s  a f f e c t i n g  measurement 
e r r o r ,  is e s t i m a t e d  a t  t19 .6%.  

The s t a t i s t i c a l l y  p roces sed  measurement r e s u l t s  i n d i c a t e  t h a t  
t h e  v i s u a l  c o n t r a s t  s e n s i t . i v i t y  d e c r e a s e s  d u r i n g  a space f l i g h t .  
While t h e  r e d u c t i o n  was 10% o f  t h e  gyound b a s e l i n e  d a t a ,  on t h e  
ave rage ,  i n  t h e  i n i t i a l  phase of  t h e  f l i g h t ,  r i g h t  up t o  o r b i t s  20-30, 
t h e  r e d u c t i o n  subsequen t ly  c o n t i n ~ ~ e d  t o  be augmented, and i t  reached  
2 0 %  by t h e  50 th  o r b i t .  Measurements c a r r i e d  o u t  by A.  G.  Nikolayev 
d u r i n g  t h e  f l i g h t  o f  Soyuz 9 i n  t h e  93rd o r b i t ,  show, however, t h a t  
s t a b i l i z a t i o n  of  t h i s  f u n c t i o n  can be expec ted  subsequen t ly .  Study 
of t h e  v i s u a l  c o n t r a s t  s e n s i t i v i t y  i n  f l i g h t  i s  o f  g r e a t  t h e o r e t i c a l  



and p r a c t i c a l  i n t e r e s t .  Its r e s u l t s  a r e  capable  of  exp la in ing  many 
v i s u a l  phenonena, which a r e  3bserved i n  space f l i g h t .  

A s tudy of c o l o r  pe rcep t ion  of o b j e c t s  was c a r r i e d  o u t ,  u s i n s  
s p e c i a l  t a b l e s .  

A t a b l e  conta ined s i x  paper  s t r i p s  of  d i f f e r e n t  c o l o r s ,  loca ted  
bes ide  a black-white qraded wedge. I t  is  known t h a t  a l l  c o l o r s  
approach black wi th  dec rease  ir! t h e i r  b r i g h t n e s s ;  t h e r e f o r e ,  it was 
considered t h a t  a  comparison of t h e  b r i g h t n e s s  of  one c o l o r  o r  ano the r  
wi th  b r igh tness  of t h e  black--white wedge s c a l e  s e r v e s  a s  an i n d i c a t o r  
of i t s  b r igh tness .  The c o l o r  t a b l e  c o n t a i n s  s i x  s t r i p s  o f  d i f f e r e n t  
co lo r s .  The t h r e e  primary c o l o r s  -- red  (amax = 615 nm), green (Amax 
= 545 m.) and b l u e  ( A  = 478 nm) and t h e  t h r e e  complemectory c o l o r s  
- -  blue ,  purple  and y%!fow, were s e l e c t e d  a s  t h e  c o l o r  tones .  A l l  
t h e  c o l o r s  used had h igh s a t u r a t i o n  and b r i g h t n e s s  ( f o r  example, 
r ed  F = 0.75, p = 30%; yellow P = 0.87, p = 88%, etc.) . During t h e  
s tudy,  t h e  a s t r o n a u t  had t o  f i n d  t h e  f i e l d  of t h e  black-white wedge 
f o r  each c o l o r ,  which had b r i g h t n e s s  i d e n t i c a l  t o  it. 

The black-white wedge parameter s e l e c t e d  permi t ted  measurement 
of t h e  b r igh tness  of t h e  o b j e c t i v e  c o l o r s ,  i .e. ,  t h e  c o l o r s  o f  
colored o b j e c t s ,  wi th in  a  t e n f o l d  change i n  them. The average e r r o r  
value o f  each s i r g l e  c o l o r  b r i g h t n e s s  de terminat ion  from t h e  t a b l e  
descr ibed was on t h e  o r d e r  of 15-20%. A s  a  r e s u l t  of  s t s t i s t i c a l  
processing of t h e  d a t a  of repeated  measurements c a r r i e d  o u t  i n  4 

f l i g h t ,  t h e  c o l o r  b r i s h t n e s s  e r r o r  was reduced t o  5-6%. Taking t h e  
> 

app l i ed  purposes of such s t u d i e s  l n t o  cons ide ra t ion ,  t h i s  e r r o r  
va lue  was acknowledged t o  be s a t i s f a c t o r y .  Both t h e  b a s e l i n e  and 
t h e  f l i g h t  r e s u l t s  were obta ined :inder i l l u m i n a t i o n  o f  t h e  san-he 
na ture .  ;"-is p e r m i t t e s  de terminat ion  of t h e  d i f f e r e n t i a l  changes 
i n  t h e  n a t ~ r e  of percept ion  of o b j e c t  c o l o r s .  

It is  w e l l  known t h a t  a  number o f  c o n d i t i o n s ,  such a s  t h e  c o l o r  
adp- ta t ion  cond i t ions ,  s imultaneous and s e q u e n t i a l  c o n t r a s t ,  t h e  
f e a t u r e s  of t h e  comparison process ,  etc., s i g n i f i c a n t l y  a f f e c t  t h e  
l e v e l  of  'he f u n c t i o n a l  s t a b i l i t y  of chromatic  v i s i o n .  I n  t h i s  
connect ion,  t o  o b t a i n  t h e  pure e f f e c t  of  we igh t l e s sness  on t h e  
func t ion  being s t u d i e d ,  t h e  r o o t  mean e r r o r  o f  a  s i n g l e  cox:?parison 
of t h e  c o l o r  and black-white f i e l d  b r i g h t n e s s e s  was determined. 
The measurements, c a r r i e d  o u t  ~t d i f f e r e n t  t imes  and wi th  d i f f e r e n t  
c o l o r  t a b l e s ,  d i s c l o s e d  t h a t  t h i s  e r r o r  is 27.8% f o r  t h e  c o l o r s  
used, on t h e  average. 

With allowance f o r  t h i s  e r r o r ,  t h e  measurements made dur ing  
space f l i g h t s  showed a n o t i c e a b l e  r educ t ion  i n  s u b j e c t i v e  b r i g h t -  /378 
ness  of  t h e  c o l o r s  being examined, f o r  all a s t r o n a u t s  p a r t i c i p a t i n g  
i n  t h e s e  experiments.  T'.: average reduct2.n i n  b r i g h t n e s ~  of a l l  t h e  
c o l o r s  exposed by P. I. lyayev, f o r  e x a m ~ l e ,  was 26% and 25% f o r  
A. A. Leonov, i n  whici. L.;,e g r e a t e s t  r educ t ion  i n  b r i g h t n e s s  was 



observed f o r  both  a s t r o n a u t s  indeterminat ion  of  t h e  c o l o r s  p u r p l e ,  
azure ,  green and red .  The reduction i n  b r i g h t n e s s  of t h e  remaininl; 
o b j e c t  c o l o r s  was n o t  over  10%. An i n c r e a s e  i n  b r i g h t n e s s  was n o t  
observed i n  a  s i n g l e  case .  The reason f o r  t h i s  s i g n i f i c a n t  d i f f e r -  
ence i n  t h e  d i f f e r e n t i a t e d  dec rease  i n  b r i g h t n e s s  cf i n d i v i d u a l  
c o l o r s  under we igh t l e s s  c o n d i t i o n s  i s  n o t  cJ-s; now, and it r e q u i r e s  
a d d i t i o n a l  s tudy.  

The g r e a t  amount of  s tudy  of v i s u a ,  ~ c u i t y ,  v i s u a l  con t ras t .  
s e n s i t i v i t y  and v i s u a l  o p e r a t i n g  performance c a p a c i t y  i n  space f l igh :  
provides  a  b a s i s  f o r  speaking o f  t h e  dynamics o f  t h e s e  f u n c t i o n s  a s  
t h e  f l i g \ t  evolves  (Fig. 114) .  For example, i t  t c r n e d  o u t  t h a t  
v i s u a l  a m i t y  remains p r a c t i c a l l y  unchanged dur ing  a f l i g h t  l a s t i n g  
up t o  7 days, and is  decreased by 5-108 from t h e  b a s e l i n e  va lues .  

The v i s u a l  o p e r a t i n g  performance c a p a c i t y  o f  t h e  a s t r o n a u t s  i n  
t h e  2nd o r b i t  of  t h e  f l i g h t  t u r n s  o u t  t o  be decreased by 20% from 
t h e  b a s e l i n e  va lues .  The reduc t ion  reaches  a  m a x i m i m  ( 26%)  by 
o r b i t s  8-10, a f t e r  which a monotonic i n c r e a s e  i n  q u a l i t y  o f  t h i s  
func t ion  t a k e s  p l a c e ,  and t h e  v i s u a l  o p e r a t i n g  performance c a p a c i t y  
t u r n s  o u t  t o  be only 10% below t h e  b a s e l i n e  by t h e  50th-60th o r b i t .  

The n a t u r e  of t h e  change i n  v i s u a l  c o n t r a s t  s e n s i t i v i t y  i s  
d i f f e r e n t .  A f t e r  t h i s  va lue  dec reases  by approximately 10% a t  t h e  
very  s t a r t  of  t h e  f l i g h t ,  t h e  decrease  subsequently is  augmented, 
a s  is  shown by t h e  r e s u l t s  o f  t h e  f l i g h t  s t u d i e s  i n  Soyuz 9,  r i g h t  
up t o  t h e  60th o r  70th o r b i t .  However, according t o  t h e  measurements 
of A. G. Nikolayev, which he made i n  t h e  93rd o r b i t ,  t h e  c o n t r a s t  
s e n s i t i v i t y  was reduced by 10%. This  s i n g l e  experiment presen- 
t a t i o n s  were made) does n o t  now g i v e  a s u f f i c i e n t  b a s i s  f o r  f i n a l  
conclus ions  on t h e  r e t u r n  t o  normal of  t h e  c o n t r a s t  s e n s i t i v i t y  
l e v e l  by t h e  93rd o r b i t ,  a f t e r  it had dropped t o  25% i n  t h e  50th- 
60th o r b i t s ,  b u t  a  tendency towards t h i s  can be assrmed. A c t ~ d l l y ,  i f  
a  con t inua t ion  of t h i s  r a t e  of  reduct ion  i n  c o n t r a s t  s e n s i t i v i t - y ,  
obta ined between t h e  30th and 60th c r h i t s ,  is assumed t o  con t inue  
a f t e r  t h e  60th o r b i r ,  one would have t o  d e a l  wi th  a  s i g n i f i c a n t  
r s d u c t i o n  of  t h i s  i l ~ : c t i c n ,  whi le  t h e  a s t r o n a u t s  d i d  n o t  s u b j e c t i v e l y  
n o t e  such a r educ t ion  i n  t h e  f l i g h t  of Soyuz 9 and dur ing  t h e  f l i g h t s  
of  American a s t r o n a u t s  over  t h e  earth-moon-earth course .  

3 7 9 An a n a l y s i s  of t h e  psychophysiological  mechanisms causing t h e /  
changes being d i scussed  i n  v i s u a l  f u n c t i o n s  o f  t h e  a s t r o n a u t s  and 
t h e  dynamics of them dur ing  t h e  f l i g h t  i s  extremely i n t e r e s t i n g .  I t  
might be thought  t h a t  dissec~ionofthesernechanisms would permit  
understanding ma-y phenomemof our  v i s i o n ,  which a r e  n o t  ROW completely 
c l e a r ,  f o r  example, c o l o r ,  c o n t r a s t  s e n s i t i v i t y  l e v e l ,  e t c . ,  and t h a t  
measures .nd recommendations, d i r e c t e d  towards b locking t h e  unde- 
sirable d i s r u p t i o n s  i n  f l i g h t ,  would be s u c c e s s f u l l y  worked o u t  on 
t h i s  b a s i s .  The tempting a s p e c t  of  a n a l y s i s  c f  t h e s e  mechanisms i s  
t h e  t h e o r e t i c a l  a s p e c t s  of t h e  physiology and psychology of v i s u a l  
percept ion .  E f f o r t s  a t  such g e n e r a l i z a t i o n s  have been undzrtaken;  
however, t h e  m a t e r i a l  obta ined up t o  now is i n s u f f i c i e n t  f o r  



completely validated and reliable 
conclusions. 

I (,GI 

Orbit 

Fig. 114. Decrease in visual 
function of astronauts during 
space flight (18 astronauts 
took part in the work) (the 
level of the visual function 
in ground experiments was 
adopted as 100%): 1, visual 
acuity; 2, contrast sensi- 
tivity; 3, visual operating 
performance capacity. 

On the whole, the observation 
results show that, in prolonged 
weightlessness, the functional 
capabilities of the visual analyzer 
undergoes changes, in a number of 
cases. To a great extent, these 
changes are inherent in the visual 
operating perforrnance capacity, 
which decreased between 20 and 40% 
ana more, for different operators, 
under weightless conditions. 
Allowing for small changes in visual 
acuity in this case, the cause of 
this phenomenon should apparently 
be sought in motor discoordination 
of the work of the muscular apparatus 
of the eyes. Definite changes have 
been noted in the nature of per- 
ception of the colors of objects 
by operators, under conditions of 
prolonged weightlessness. 

We have presented the results of studies of the performance 
capacity of astronauts ir: flight (primarily, the functions of vision 
and the motor analyzer). The working conditions of astronaut- 
investigators, astronaut-testers and methods, including specific ones 
for space psychophysiology, and regciarities, which have been worked 
out and revealed by the authors, in study of the emotional stress @f 
an astronaut in flight, have been examined. 

On the whole, a psychophysiological analysis of spacecraft crew 
activities in flight have shown that the human operator, the astro- 
naut, is a reliable link in the control systen?, even under such 
complicated conditions as those of space flight, including the 
complicating failure of individual links of automatic devices. Man 
can be entrusted with execution of operations of varying complexity, 
of both a motor and sensory nature. However, the analysis carried 
out zlso showed that the transition to functioning under these 
conditions assunles an adaptation period, when a number of symptoms, 
reducing the reliability of the human link of the control system, 
can be observed in the performance capacity of an astronaut. 

For quantitative characterization of the performance capacity 
of an astronaut and the entire "spacecraft-astronaut" system, well- 
known evaluations an6 ch~racteristics, developed for technical 



dev ices  and c losed  automatic  c o n t r o l  systems, a r e  n o t  f u l l y  s u i t a b l e .  
The reason is  t h a t  t h e  human o p e r a t o r ,  i n  p a r t i c u l a r ,  t h e  a s t r o n a u t  
is d i s t i n g u i s h e d  by an incomparably broader  d i v e r s i t y  o f  a l l  h i s  
q u a l i t i e s ,  p r o p e r t i e s  and c h a r a c t e r i s t i c s .  They can chznge r a p i d l y  
a r d  wit.hin cons ide rab le  l i m i t s ,  depending on e x t e r n a l  working con- 
d i t i o n s  o f  t h e  a s t r o n a u t ,  h i s  i n t e r n a l  psycholoqica l  m c ~ u ,  p h y s i c a l  
cond i t ion ,  t h e  mot iva t ion  of h i s  a c t i v i t i e s  and many o t h e r  t h i n g s .  
Therefore ,  a b a s i c  f e a t u r e  o f  q u a n t i t a t i v e  e s t i m a t e s  o f  :he l e v e l  of 
efficiency of  an a s t r o n a u t  is  t h e i r  p r o b a b i l i s t i c  na tu rc .  Th i s  l e a d s  
t o  t h e  s i t u a t i o n  t h a t  t h e  exper imenta l  d a t a  ob ta ined  each t i m e  
c h a r a c t e r i z e s  only  t h e  s p e c i f i c  cond i t ion  of  t h e  a s t r o n a u t  o r  /380 - 
system, a t  a given mor.ent of  t i m e ,  under given c o n d i t i o n s ,  w i t h  
him i n  a given mood, etc. ,  b u t  it i s  no t  s u i t a L l e  f o r  any genera l -  
i z e d  e s t i m a t e s .  I n  t h i s  connect ion ,  a very  u rgen t  t a s k  i s  develop- 
ment o f  methods of  s e t t i n g  up and conducticg exper imenta l  r e s e a r c h  
on t h e  performance c a p a c i t y  o f  a s t r o n a u t s  i n  f l i g h t ,  which would g i v e  
t h e  maximum o f  u s e f u l  informat ion  on t h e  phenomenon being s t o d i e d ,  
w i t h  a high leve l  of  confidence,  w i t h  procedures ,  which a r e  l i m i t e d  
i n  t i m e ,  p l ace  and weight.  The d a t a  r epor ted  above, on r e s e a r c h  on 
t h e  b a s i c  visu;l f u n c t i o n s  of  a s t r o n a u t s  i n  f l i g h t  g i v e  a b a s i s  f o r  
cons ider ing  t h a t  changes i n  t h e s e  f u n c t i o n s  unzer  space  c o n d i t i o n s  
a r e  comparatively small .  The q u a n t i t i e s ,  changes i n  f u n c t i o n s ,  
varying between 5 and 30-40%, t u r n  o u t  t o  be i n s u f f i c i e n t  t o  be 
n o t i c e d  by t h e  a s t r o n a u t s  themselves.  

I t  can be  s t a t e d  t h a t  t h e  v i s i o n  of  a s t r o n a u t s  i n  f l i g h t  is 
almost a s  r e l i a b l e  a s  on e a r t h ,  and t h a t  u t i l i z a t i o n  of  v i s i o n  i n  
space g i v e s  unl imited p o s s i b i l i t i e s  f o r  t h e  conduct o f  s c i e n t i f i c  
snd a p p l i e d  work. 

I t  seers t o  us t h a t  f u r t h e r  evo lu t ion  of r e s e a r c h  on t h e  "man- 
machine" system, a p p l i c a b l e  t o  space f l i g h t s ,  w i l l  involve  a series 
of s i g n i f i c a n t  f e a t u r e s .  

1. By e x t r a p o l a t i n g  p r e s e n t  s c i e n t i f i c  programs, it can be 
considered t h a t  t h e  r o l e  o f  t h e  n a t i o n a l  eccr ; c  y i e l d  of a space 
f l i g h t  w i l l  i n c r e a s e  s i g n i f i c a n t l y  i n  t h e  f u ,  :. Complicated 
appara tus  i s  appear ing  f o r  t h i ~ a b o a r d r n a n n ~ s  s p a c e c r a f t  (MSC). Man 
w i l l  have t o  s e r v i c e  it and c a r r y  o u t  p reven t ive  i n s p e c t i o n s  and 
r e p a i r .  

2. The r o l e  of t h e  human o p e r a t o r  i n  c o n t r o l  of  MSC i n  powered 
s t a g e s  of f l i g h t  apparen t ly  w i l l  i n c r e a s e ,  which impl ies  t h e  c r e a t i o n  
o f  s p e c i a l  p r o t e c t i v e  means and s p e c i a l  methods o f  t r a i n i n g  a s t r o -  
c a u t s  i n  c o n t r o l  opera t ions  under g-forces.  

3. The problem of  prolonged i n t e r p l a n e t a - - -  f l i g h t  must become 
t h e  s u b j e c t  of  deep and many-sided resea rch .  Together  wi th  s o l u t i o n s  
of a number of l i f e  suppor t  problems, inc lud ing  p r o p h y l a c t i c  measures 
a g a i n s t  t h e  prolonged a c t i o n  of we igh t l e s sness ,  d i f f i c u l t i e s  a r e  
a r i s i n g  i n  s o l u t i o n  of a number of  c o n t r o l  problems. 



CHAPTER 7 N75 2 3 1 3 3  
SOME RESULTS OF BIOMEDICAL STUDIES CARRIED OUT 

IN THE GEMINI AND APOLLO PROGRAMS 

Quite a lot of data have been accun~ulated recently, on the 
effect of space flight on the human body. Suffice it to point out 
the successful completion of the Soyuz space program in the USSR and 
the Apollo program in the USA. However, there is not very much 
correlated information on the results of the flights, especially 
those of American astronauts, in our literature. There are the 
works of I. I. Kas'yan and colleagues (1967), 0. G. Gazanko and 
colleagues (1968), P. V. Vasil'ev and colleagues (1969) and some 
others. However, they were published comparatively long ago, at 
the end of the 19601s, and some material requires refinement and 
new interpretations, in the light of modern theoretical concepts 
of the physiological mechanisms of the effect of space flight on 
the human body. 

We have made an effort to correlate data in the literature, 7 
on the results of biomedical studies performed in the Gemini and 
Apollo programs, which is all tne more necessary, in connection 'i 
with the program of joint work of Soviet and American investigators 
in the conquest of space. 

As is well known, ten manned space experiments were accomplished 
in the Gemini program and eleven experiments in the Apollo program 
in the USA, in 1965-172. iq a period of seven years, 31 men visited 
space, 13 of them repeatedly: 8 men twice, 4 men three times /386 
(C. Conrad, T. Stafford, D. Scott, E. Cernan) and 2 men four times 
(J. Young and J. Lovell). Some data on the flights of the American 
astronauts are presented in Table 87. 

It is apparent fron the data presented in Table 87 that the 
Gemini Frogram provided for study of the possibility of a many-day 
stay of man in space; working out of the technique of docking under 
weightless conditions, with an unmanned satellite-target; conduct of 
extravehicular activity experiments and performance of work by an 

7~ranslations made by Yu. D. Gol'dovskiy , Yu. B. YeliseyenXov, 
L. L. Zhurnya, Ye. P. Kostrub, A. Z. Mnatsikan'yan, S. B. Murav'yeva, 
E. M. Panova and G. Ya. Tverskaya, were used in the work. 



TABLE 87 

S- 

Spacecra f t  

Gemini 3 

I t  4 

S s g x m m u u T S  INn-GRAMS 

Astronauts  
~ l i ~ l t  F l i g h t  Primary f l i g h t  t a s k s  
Date Durat ion 

3 
and t h e i r  execut ion  

days 

Tasks: Study of  pro- 
longed s t a y  o f  man i n  
space;  check-out o f  on- 
board equipment; maneuver- 
i n g  i n  o r b i t .  Tasks 
completed . 
Tasks: Rendezvous w i t h  
o b j e c t  i n  o r b i t ;  e x t r a -  
v e h i c u l a r  a c t i v i t y .  
F i r s t  t a s k  p a r t i a l l y  
completed. Approach t o  
second s t a g e  of  launch 
v e h i c l e  accomplished, t o  
d i s t a n c e  o f  about  600 m. 
Ast ronaut  E. White s t ayed  
i n  space  20 min, moving 
by means o f  t e t h e r  and 
jet device.  
Tasks: Check-out o f  on- 
board equipment; ren- 
dezvous w i t h  o b j e c t  i n  
o r b i t .  L a t t e r  t a s k  n o t  
completed. 
Tasks: Rendezvous w i t h  

min h r s  

1 Gemin:. 

G. Cooper 
SC 
C. Conrad, P 

F. Borman 
SC 

I D e c I  I I I o b j e c t  i n  o r b i t ,  group 
J. Love l l ,  PI 1965 f l i g h t .  Tasks completed. 

i 

pro) -- 

4 

V. Grissom 
SC 
E. White, P 

J. McDivitt 
SC 
E. White, P 

21 
Aug 
196 

4 

W. S c h i r r a  
SC 
T. S t a f f o r d  
P 
N. Armstrong 
SC 
D. S c o t t  I 

ram 
4 

0 

23 
Mar 
1965 

3 
Jun 
1965 

15  
Dec 

C r a f t  approached each 
o t h e r  t o  w i t h i n  1-30 m 
and f l ew t o g e t h e r  5-1/2 
h r s  

Same 

1 - I I 

Notes: 1. The problems faced by the Gemini 3 crew were so lved  i n  
a l l  succeeding f l i g h t s  of  t h e  Gemini and Apollo c r a f t .  

2. I n  t h i s  t a b l e  and subsequent ly ,  t h e s e  d e s i g n a t i o n s  a r e  
adopted: SC -- s p a c e c r a f t  commander; P -- second p i l o t ;  CMP -- 
command module p i l o t ;  LMP -- lunar  module p i l o t .  

3. The Apollo 1-6 and Gemini 1 and 2 s p a c e c r a f t  were t e c h n i c a l  
and were launched wi thout  a s t r o n a u t s .  

16 ( -- 
Mar 
1966 

10 1 42 
! 

Tasks: Rendezvous w i t h  
o b j e c t  i n  o r b i t .  Task 
c o m p l e t ~ d .  F i r s t  dock- 



k TABLE 87 -- continued 
t -- 

Primary f l i g h t  t a s k s  
and t h e i r  execut ion  

Apollo 7 k ~ s c h i r r a  1 Oc 11 t 1 0  

. cunninghan/ 196{ 

i n g  wi th  Agena rocke t .  
Tasks: Rendezvous w i t h  
o b j e c t  i n  o r b i t ,  
docking; e x t r a v e h i c u l a r  
a c t i v i t y .  Docking n o t  
accomplished. E. Cernan 
s t ayed  i n  space  2 h r s  
5 min 
Tasks: Rendezvous wi th  
o b j e c t  i n  o r b i t ;  dock- 
i n g  wi th  it; use  of  
Agena r o c k e t  engine  i n  
t r a n s f e r  t o  h i g h e r  o r b i t ;  
e x t r a v e h i c u l a r  a c t i v i t y .  
Tasks completed. M. 
C o l l i n s  s t ayed  38 min i n  
space  ( i n s t e a d  of  
planned 2 h r s ) .  t 
Tasks: Same a s  i n  f l i g h t  
of  Gemini 10,  p l u s  
s t a b i l i z a t i o n  of  s a t e l -  
l i t e  and r o c k e t ,  connected 
by cab le .  Task completed. 
R. Gordon s t ayed  4 4  min 
i n  space i n s t e a d  of  107 
mi.n. 
Tasks: Same a s  i n  f l i g h t  
of Gemini 11. Agena 
rocke t  engine n o t  used 
for t r a n s f e r  of c r a f t  tc  
h igher  o r b i t .  E. A ld r in  
s t ayed  2 h r s  10 min i n  
space.  

I Tasks: F l i g h t  i n  e a r t h  
/ o r b i t  w i t h  rctan aboard;  

t e s t i n g  of command and 
s e r v i c e  module; approach 
t o  l a s t  s t a g e  of launch 
v e h i c l e ;  maneuvering. 
Tasks completed. 

-.. 

20 9 



TABLE 87 -- continued --- - 

Spacecra f t  Ast ronauts  

Apollo 8 

11 9 

F. Borman 
SC 
J. Love11 
CMP 
W. Ani)ers 
LMF' 
J. McDivitt 
SC 
D. S c o t t  
CMF' 
R. Schweick 
a r t ,  LMP 

C. Conrad 
SC 
R. Gordon 
CMP 
A. Bean 

Primary f l i g h t  
Durat ion t a s k s  and t h e i r  

execut ion  

3 
Mar 
1969 

18 
May I 
19 69 

16 
J u l  
1969 

I i I 
1 4  ' 10 1 4 
Nov I 

1964' i 

Tasks: T e s t  of command 
a n d s e r v i c e  module, w i t h  
i n s e r t i o n  i n t o  seleno- 
c e n t r i c  o r b i t .  Tasks 
completed. 

Tasks: T e s t i n g  o f  c r a f t  
i n  low g e o c e n t r i c  o r b i t ;  

1 rearrangement of nodules;  
t r a n s f e r  of  LMP from 
l u n a r  module t o  command 
and s e r v i c e  module and 
r e t u r n  th r sugh  apace; 
independent f l i g h t  o f  
l u n a r  module wi th  2 

, a s t r o n a u t s  aboard. 
I Task completed, excep t  

t r a n s f e r  through space ,  
due t o  i l l n e s s  of LMP 
Tasks: T e s t  of  r e g u l a r  
c r a f t  w i t h  i n s e r t i o n  
i n t o  s e l e n o c e n t r i c  
o r b i t ;  independent  f l i g h t  
of l u n a r  module around 
moon a t  a l t i t u d e  of 15 
km. Tasks completed. 
Tasks: Landing on moon; 
e x t r a v e h i c u l a r  a c t i v i t y  
t o  i n s t a l l  ins t ruments  
and t a k e  s o i l  samples. 
Tasks c m p l e t e d .  Returned 
approx ina te ly  20 kg of 
l u n a r  s o i l  samples. N. 
Armstrong and E. A3 "-in 
accomplished l u n a r  EVA. 
T o t a l  s t a y  t i m e  on moon 
21 h r s  36 min, on s u r f a c e  
2 h r s  10 min 
Tasks: Landing on moon; 
2 l u n a r  EVA tc i n s t a l l  
in::truments , sample l u n a r  
~ 0 . ~ 1 ,  remove p a r t  of  
Surveyor 3 equipment, 
o r q a n i z a t i o n  of  impact 

* [ T r a n b l a t o r ' s  notai EVA -- e x t r a - v e h i c u l a r  a c t i v i t y .  1 



TABLE 87 -- continued 

Spacecraft I Astronauts ~~~1 

Apollo 13 , J. Love11 11 
SC : Jun 
J. Swigart : 197 
CMP 1 

F. Haise 
LMP 

" 14 A. Shepard ' 31 
SC ; Jan 
IS. Roosa : 197 

i i :*Mitchell / 

1 

" 15 1 D. Scott 
I SC 
A. Worden i CMP 

1 J. Irwin 
LMP 

26 
Jul 
19; 

Flight 
' Duration 1 Primary flight tasks 
-7-7--- - and their execution 
lays 

77 kg of rock. Total 
stay time on moon 66 hrs 
55 rnin, on surface 18 hrs 
36 rnin. 

5 

hrs min 

j 

22 , 54 

of spenh ascent stage 
of lunar module on moon. 
Task completed. Astro- 
nauts C. Conrad and A. 
Bean completed lunar 
walk. Total stay time 
on moon 31 hks 31 min, 
on surface 7 hrs 55 min. 
Returned approximately 
36 kg of soil. 
Tasks: Same as in flight 
of Apollo 12. Tasks not 

1 completed (except organi- 
zation of impact on moon 
of last stage of launch 

1 vehicle), because of 
! I explosion of oxygen tank 

1 on earth-moon course. 
I 

i Emergency return to earth. 
9 0 2 Tasks: Same as in flight 

of Apollo 12. All tasks 
completed. A. Shepard I 
and E. Kitchell landed on 
moon. Total stay time 
33 hrs 30 min, on surface 
of moon 9 hrs 14 min. 
Returned approximately 
43 kg of soil. 
Tasks: Landing on moon, 
3 EVA; testing of lunar 
rover; soil sampling; 
conduct of series of 
scientific-technical 
experiments. Tasks 
completed. D. Scott and 
J. Irwin landed on the 
moon, tested lunar rover, 
colle-ted approximately 

I 

I 

1 
12 ' 7 

I 

12 



TABLE 87 -- continued 

Primary f l i g h t  t a s k s  
and t h e i r  execu t ion  

Tasks: Same a s  i n  
f l i g h t  of Apollo 15. 
Tasks completed. J. 
Young and C. Duke landed 
on moon, t e s t e d  l u n a r  
r o v e r  ( t r a v e l e d  27.1 km). 
Col lec ted  95 kg of  s o i l .  
T o t a l  s t a y  t i m e  on moon 
71 h r s  2 mint on s u r f a c e  
20  h r s  1 4  min. 
Tasks: Same a s  i n  f l i g h t  
of Apollo 15. Tasks 
completed. Ast ronauts  
E. Cernan and H. Schmit t  
accomplished 3 l u n a r  EVA, 
t r a v e l e d  i n  l u n a r  r o v e r  
(36.2 km). Co l l ec ted  
l u n a r  s o i l .  T o t a l  s t a y  
t i m e  on moon 75 h r s ,  on 
s u r f a c e  2 2  h r s  5 min. 

ast . ronaut  under t h e s e  cond i t ions ;  performing v a r i o u s  s c i e n t i f i c -  
t e c h n i c a l  ( inc lud ing  biomedical)  exper in~en t s ;  and t e s t i n g  o f  t h e  
onboard equipment and l i f e  suppor t  system. The Apollo program planned 
a  landing on t h e  moon by a s t r o n a u t s ,  performk.nce of s c i e n t i f i c -  
t e c h n i c a l  e ipe r iments ,  c o l l e c t i o n  of l u n a r  s o i l  samples and r e t u r n  of  
t h e  s p a c e c r a f t  crew t o  e a r t h .  The Gemini and Apollo programs were 
c l o s e l y  connected. The t a s k s  of  t h e  Apollo program could be  success-  
f u l l y  so lved,  only  i n  t h e  c a s e  of  completion of a l l  t a s k s  f a c i n g  
those  execut ing  t h e  Gemini program, s i n c e ,  i n  o r d e r  t o  land on /387 
t h e  s u r f a c e  of t h e  moon, problems connected wi th  approach and docking 
of s p a c e c r a f t  had t o  be so lved ,  t h e  amount of  p o s s i b l e  work of a  man 
i n  open space revea led ,  t h e  degree of  harm of  t h e  long e f f e c t  of  space  
f l i g h t  on t h e  human body e s t a b l i s h e d ,  f i . r s t  and foremost ,  t h a t  of  
we igh t l e s sness ,  and onboard l i f e  suppor t  systems t e s t e d .  

There a r e  some very important  genera l  f e a t u r e s  i n  t h e  p lan  of 
e v a l u a t i o n  of t h e  e f f e c t  of  space f l i g h t  c o n d i t i o n s  on t h c  bodies  
of  t h e  a s t r o n a u t s ,  i . n  accomplishing these programs: 1) d ~ r a t i o n  of  
t h e  e f f e c t  of  weight lcesness  d i d  not  d i f f e r  s i g n i f i c a n t l y  i n  one 
c a s e  o r  another  (approximately 0.4-14 dayb i n  t h e  Gemini program and 
5-13 days i n  t h e  Apollo program); 2 )  p a r t i c i p a t i o n  i n  t h e  f l i g h t  o f ,  
n o t  one, bu t  two o r  t h r e e  a s t r o n a u t s ,  i . e . ,  crews f lew i n  a l l  c a s e s ,  
which c e r t a i n l y  was very important ;  3) adherence t o  approximately 



t h e  same schedu le  o f  work, rest and e a t i n g  by t h e  f l i g h t  crelr;,. i n  
t h e  m a j o r i t y  of f l i g h t s ;  4 )  a d e f i n i t e  g e n e r a l i t y  i n  per formtnce  o f  
i n d i v i d u a l  o p e r a t i o n s :  rendezvous w i t h  an  o b j e c t ,  docking w i t h  it, 
e x t r a v e h i c u l a r  a c t i v i t y ,  etc. A l l  t h i s  p e r m i t t e d  u s  t o  c o n s i d e r  t h e  
b iomedica l  changes o f  t h e  a s t r o n a u t s  i n  Gemini and Apol lo  program 
f l i g h t s  from t h e  u n i f i e d  p o s i t i o n s ,  a s  r e a c t i o n s  o f  t h e  body t o  
unusua l  e x t e r n a l  c o n d i t i o n s  o f  approximate ly  t h e  same b i o l o g i c a l  
importance.  Of c o u r s e ,  i n  a n a l y s i s  of  t h e  m a t e r i a l s ,  w e  d i d  n o t  f o r -  
g e t  c e r t a i n  s i n g u l a r i t i e s ,  which were i n h e r e n t  i n  t h e  f l i g h t s  o f  
each  s p e c i f i c  program. Thus, i n  d i s t i n c t i o n  from t h e  Gemini program 
f l i g h t s ,  beg inn ing  w i t h  t h e  f l i g h t  o f  Apo l l c  11, t h e  a s t r o n a u t s  were 
s u b j e c t  t o  t h e  e f f e c t  of l u n a r  g r a v i t a t i o n  1/6 g ,  f o r  a  p e r i o d  o f  
27-71 h o a r s ,  d u r i n g  t h e  f l i g h t  (Ber ry ,  1969; S l a t e r ,  1971, and 
o t h e r s ) .  The gaseous  a tmosphere  i n  t h e  Gemini s p a c e c r a f t  c a b i n s  
c o n s i s t e d  o f  p u r e  oxygen, o f  oxygen (60%)  and n i t r o g e n  (40%)  i n  t h e  
c a b i n s  o f  some Apol lo  s p a c e c r a f t  i n  t h e  l aunch  s t a g e  and ,  i n  a l l  
s u c c e e d i n s  s t a q e s  of  f l i g h t ,  o f  oxygen, w i t h  a  s m a l l  amount of n i t r o -  
gen (1-38) (Ber ry ,  1969, 1970, 1971; Lomonaco, 1969, 1970, and 
o t h e r s ) .  The Geclini c a b i n s  were o f  s m a l l  volpumet and t h e  a s t r o n a u t s  
had l i m i t e d  c a p a b i i i t i e s  f o r  movement, wh i l e  t h e  Apo l lo  c a b i n s  were 
l a r g e r ,  and t h e  a s t r o n a l i t s  moved a  g r e a t  d e a l  and performed p h y s i c a l  
e x e r c i s e s .  There  were d e f i n i t e  d i f f e r e n c e s  i n  t h e  s c i e n t i f i c -  
t e c h n i c a l  exper iment  programs: i n  t h e  Gemini program, f o r  example, 
b iomedica l  exper iments  were s p e c i f i e d  and t h e y  were a lmos t  comple te ly  
exc luded  d c r i n g  Apo l lo  program f l i g h t s  (Ber ry ,  1970, 1971) .  

The e x p e r i e n c e  o f  medica l  s u p p o r t  f o r  s p a c e  e2per iments  i n  1 
bo th  t h e  USSR and t h e  USA i n d i c a t e s  t h a t  p h y s i o l o g i c a i  s h i f t s  i n  t h e  
m a j o r i t y  o f  o ryans  and sys tems  o f  t h e  body a r e  observed  i n  s p a c e  
f l i g h t .  However, t h e  most s i g n i f i c a n t  o f  them a r e  changes o f :  
a )  body we igh t ;  b) c a r d i o v a s c u l a r  system; c)  b lood ;  d )  m i n e r a l  and 
e l e - t r o l y t e  metabolism; e )  performance c a p a c i t y  ( N .  M. Sisakyan ,  
V. I. Yazdovskiy, 1962, 1964; 0. G. Gazenko, e t  a l . ,  1965, 1967; 
V. I. Yazdovskiy, 1966; N. M. S i s akyan ,  1965; Yu. M. Vol.yl:in,et a1. ,1967;  
V. V. P a r i n ,  e t  a l . ,  1967,  1968; I. M .  Khazen, 1971; Be r ry ,  1967, 1965, 
1970, 1971; Dessaucy, 1970; G r a y b i e l ,  1971; McCally, 1971; Nickolson,  
1971; Wagner, 1971; White, e t  a l . ,  1971, and o t h e r s ) .  

Change i n  Body Weight 

One o f  t h e  i m p o r t a n t  i n d i c e s  o f  t h e  c o n d i t i o n  o f  t h e  a s t r o n a u t s  
i n  f l i g h t  was body weight .  I t  t u r n e d  o u t  t h a t ,  a f t e r  each space  f l i g h t ,  
it dec reased  (Ber ry ,  1970, '971;  Davis ,  1970) .  Thus, d u r i n g  t.he 1 3 8 8  
Gemini program f l i g h t s ,  t h e  a s t r o n a u t s  l o s t  approximate ly  3-8% !2-5 
kg) o f  t h e i r  w e i g h t ,  r eco rded  b e f o r e  launch .  A f t e r  b r i e f  f l i % h t s ,  
t h e s e  l o s s e s  were r ecove red  i n  t h e  f i r s t  12-24 hour s  a f t e r  s p l a s h -  



1 
I 

dowfig I n  t h e  14-day f l i g h t  of Gemini 7,  t h e  we igh t  loss o f  t h e  crew 
members was r e t a i n e d  f o r  more t h a n  a day a f t e r  t h e  f l i g h t  (Table  8 8 ) .  

TABLE 88 

CHANGE IN BODY WEIGHT OF CREW MEPBERS OF APOLLO SPACECRAFT, 
COEFIPARED WITH PREFLIGHT DATA 

Crew weight Change 

Spacecraft Member Imued. after tlt. 2 4  hrs after flt 
,' I 

Apollo 7 

8 

'I 9 

" 10 

" 11 

" 12 

I' 13 

" 14 

" 15 

" 16 

SC 
CMP 
LMP 
SC 
CMP 
LMP 

- 3 . 2  f 1.0 I t l . 3  
-4 1.4 +2 .2  

--5.1 4.2 +3.5  
-5. I I 4 1 . 1  1 1 1 . 6  
-4.5 -9.3 + 0 . 4  -'* i tg:! -. 0 . 3  
-3 3 + I  7 
- 4 . 2  f 4 . 8  
--I{. n -L- I , 7 +2.c 
-1.1 7 0 . 8  - r l  I 
-3.0 -i 0 .4  y-0.t; 
-5 8 7-0.8 1 1 . 2  
-4.7 -i 2.1  - 3 . i  
- -4 .2  0 . 0  0 .0  
- 0 6  1 1 . 6  + 2 . 4  
-?.n .i 0 . 8  -t 1 . 4  
-4.7 t 1.6 - ~ 2 . 7  
-n 2 A. I . ?  - ~ 2 .  I 
-a. I . . 

- 
-5. t i  -- - 
-4.2 - - 
+O.S 4 0 . 4  -tO.fi 
-7.2 -i 2 . 8  t . 4  n 
+O .: -70.4 +0.6  
- 0.1 -- 0. I tO.5 

1 I ) . *  1 L I .:i 
-- .!. 4 -* 2 . 0  1 . 1.2 
--4 .\ I 4  , + ? . O  
- 4 . 0  I 1- I .?  i 1.9 
- 4.1 11.0 7 l . H  

As is e v i d e n t ,  t h e  weight  o f  a l l  t h e  a s t r o n a u t s  was r ecove red  
i n  t h e  f i r s t  d a y s  on e a r t h .  T h i s  a p p a r e n t l y  i n d i c a t e s  t h a t  t h e  
weight  r e d u c t i o n  was p r i m a r i l y  caused by loss o f  f l u i d s  and t h e  
f a v o r a b l e  w a t e r  ba l ance  i n  t h e  i n i t i a l  hou r s  a f t e r  comple t ing  t h e  
f l i g h t .  Before  t i le  f l i g h t  o f  Apol lo  1 4 ,  it was assumed t h a t  e x t r a -  
c e l l u l a r  l o s s e s  o f  f l u i d s  c o n s t i t u t e  t h e  l a r g e r  p a r t  o f  t h e  t o t a l  
m o i s t u r e  d e f i c i t  i n  t h e  body. The o p i n i o n  was exp res sed  t h a t  t h e  
w a t e r  l o s s  o c c u r r e d  mainly on t h e  p a r t  o f  i n t e r s t i t u e l  f l u i d s .  

9 ~ h e  American s p a c e c r a f t  descended i n t o  ocean waters (they s p l a s h  
down), b u t  t h e y  descended t o  t h e  s u r f a c e  o f  t h e  e a r t h ;  t h e r e f o r e ,  
it ie more n e a r l y  correct t o  speak o f  l a n d i n g .  



However, t h e  r e s u l t s  of  e v a l u a t i o n  o f  t h e  water metabol i sm o b t a i n e d  
a f t e r  t h e  f l i g h t  o f  Apo l lo  14  showed ( B e r r y ,  1971) t h a t  t h e  /389 
w a t e r  d e f i c i t  was caused  by a  d e c r e a s e  i n  i n t r a c e l l u l a r  f l u i d .  The 
d a t a  o f  T a b l e  89 i n d i c a t e  t h a t  t h e  amount o f  e x t r a c e l l u l a r  f l u i d  is  
p r a c t i c a l l y  uncherged.  I t  f o l l o w s  from t h i s  t h a t  t h e  t o t a l  water 
d e f i c i t  i n  t h e  bddy was caused  by a  d e c r e a s e  i n  volume o f  i n t r a -  
c e l l u l a r  f l u i d .  b e r r y  (1971 ) ,  a n a l y z i n g  t h e s e  data,  e x p r e s s e d  some 
doubt .  I n  h i b  o p i n i o n ,  t h i s  c o n c l u s i o n  s t i l l  needs  f u r t h e r  r e f i n e -  
ment. I t  is  a b s o l u t e l y  n o t  exc luded  t h a t  t h e  r e d u c t i c n  o f  we igb t  i n  y 

f l i g h t  is connec t ed  w i t h  l o s s  o f  t h e  s o l i d  mass of  t h e  bocly. T h i s  
s h o u l d  b e  comple t e ly  a g r e e d  w i t h ,  c o n s i d e r i n g  t h e  n a t u r e  o f  change i n  = 

t h e  b lood  i n d i c e s  and m i n e r a l  and e l e c t r o l y t e  metabcl ism.  S o v i e t  
i n v e s t i g a t o r s  a l s o  a r e  i n c i i n e d  t o  c o n n e c t  t h e  d e c r e a s e  i n  w e i a h t  o f  
t h e  a s t r o n a u t s  w i t h  d e h y d r a t i o n  o f  t h e  body i n  f l i g h t  ( N .  M. 
S i s akyan ,  V. I. Yazdovskiy,  1962,  1964; V. V .  Z a r i n ,  e t  a l . ,  1967; 
Y e .  I. Vorob 'ev,  e t  a l . ,  1969,  1970; Yu. G. zdefedov, 1969,  1972; I. S. 
Ba lakhovsk iy ,  e t  a l . ,  1971; G. I. Kozyrevskaya,  e t  a l . ,  1 9 7 2 ) .  
According t o  t h e i r  d a t a ,  a 2-4 kg d e c r e a s e  i n  body w e i g h t ,  a i e c r e a s e  
i n  k idney  e x c r e t i o n  of  e l e c t r o l y t e s ,  as  w e l l  a s  of o s ~ ~ o t i c a l l y  a c t i v e  
s u b s t a n c e s ,  by a l l  S o v i e t  a s t r o n a u t s  was n a t e d .  Weight r e c o s e r y  
a f t e r  f l i g h t s  l a s t ~ n g  up t o  f i v e  d t y s  t ook  p l a c e  i n  a p e r i o d  o f  2-3 
days ;  t h e  t i m e s  i n c r e a s e d  d u r i n g  l o n g e  f l i g h t s .  A change i n  k idney  
f u n c t i o n ,  m a n i f e s t e d  by t h e  h i g h  e l i m i n a t i o n  o f  sodium, po t a s s ium,  
c h l o r i n e  and  ca l c ium a f t e r  w a t e r - l o a d i n g ,  was common t o  f l i g h t s  
l a s t i n g  o v e r  t h r e e  days .  The i n v e s t i g a t o r s  n o t i c e d  one c u r i o u s  i 
phenomenon, t h e  absence  o f  t k . i r s t  o f  t h e  a s t r o n a u c s  d u r i n g  t h e  f l i g h t ,  
which is  c h a r a c t e r i s t i c  of e x a i c c o s s c .  7 .  G. Popov and c o l l e a g u e s  
(19721 e x p l a i n e d  t h i s  ?ran t h e  p o i n t  o f  view o f  development o f  a 
p r o c e s s  o f  a d a p t a t i o r .  t o  w e i g h t l e s s  c o n d i t l b i i s .  I n  t h e i r  o p i n i o n ,  
d e h y d r a t i o n  i s  a  normal  r e a c t i o n  t o  change i n  g r a v i t ; ~ i : ~ n a l  e f f e c t s ;  
c o n s e q u e n t l y ,  by s u p p r e s s i o n  o f  t h e  f e e l i n g  o f  t h i r s t ,  t h e  homeo- 
s t a t i c  c o n d i t i o n s  i n  t h e  body a r e  n o t  d i s r u p t e d  by a d d i t i o n a l  i n t r o -  
d u c t i o n  o f  w a t e r  from o u t s i d e .  

TAELE 89 

CHANGE OF FLUID VOLUYE I N  BODIES O F  APOLLO 14 CREW MEEIBERS 
24  HQURS AFTER COMPLETING FLIGIIT ( i n  % o f  i n d i c e s  r e c o r d e d  
d i r e c t l y  a f t e r  f l i g h t )  

Measurement / I C.4 , :ontrol T e ~ t s  
Method SC U d  1 :  / 

I 
I . .  / ' r  I . 4 4 i - . I  ( I  I 
I L '  I 0 . 1  . f , l ,  . + , I  . I ,  7 

o x 8  11 , . !  , ,  I ,  

Intracellular by celculatio 2 ; , , I L' I ,  I II II 
f l u i d  

Tota l  # :ter I '  I 1 h i  1 ,  L' I I , - 



The phys io log ica l  mechanisms o f  dehydra t ion  o f  t h e  body i n  
weight lessness  have been s t u d i e d  s u f f i c i e n t l y  a t  p resen t .  The 
t r i g g e r  mechanisms a r e  r educ t ion  i n  h y d r o s t a t i c  p r e s s u r e  o f  t h e  blood,  
r e d i s t r i b u t i o ~  of it and Z i s rup t ion  of  t h e  volumetr ic  c o ~ ~ s t a n c y  of  
t h e  blood. A s  a r e s u l t ,  an  inf low of blood t a k e s  p l a c e  t o  t h e  l a r g e  
v e s s e l s  of t h e  c h e s t  c a v i t y ,  e x c i t a t i o n  of  t h e  r e c e p t o r  formations 
of t h e  l a r g e  ve ins  and development c f  compensatory r e a c t i o n s  (Gauer, 
e t  a l . ,  1967; Gauer, 1371).  Plasma l o s s  develops,  t h e  t o t a l  volume 
of c i r c u l a t i n g  blood decreases,  t h e  a c t i o n  of t h e  a n t i d i u r e t i c  - / 3 9 0  
hormone weakens, reabsorpt ion  of  water  and sodium i n  t h e  kidneys 
decreases  and d i u r e s i s  i n c r e a s e s .  A d e f i n i t e  importance i n  r e g u l a t i o n  
of  wa te r - sa l t  metabolism is a t t r i b u t e d  t o  osmorecepticn and o u t p u t  of 
a ldos terone ,  which i n c r e a s e s  sodium reabsorp t ion .  Together w i t h  de- 
hydra t ion  of  t h e  body, a s  w a s  poin ted  o u t  above, h i r s t  decreases .  
A s  a r e s u l t ,  t h e  wa te r - sa l t  metabolism is r e s t o r e d  a t  a new i e v e l ;  
t h e  body adap t s  t o  t h e  changed cond i t ions .  The experiments ,  which 
were c a r r i e d  c u t  on a monkey, dur ing  t h e  f l i g h t  of  B i o s a t e l l i t e  3, 
a r e  a b r i l l i a c t  conf i rmat ion  o f  some o f  t h e  conclus ions  exprecced 
above (Adey, e t  a l . ,  1971; Meehan, e t  a l . ,  1971).  By catheterization 
of  t h e  a r t e r i a l  and venous c i r c u i t s ,  it was demonstrated t h a t  an 
iqc rease  i n  c e n t r ~ '  venous p ressure  is observed i n  weight lessness .  
It increased by 2 - .  .XI H20 i n  t h e  r i g h t  au r i c le ,which  is  s u f f i c i e n t  
f o r  o n s e t  of compensatory l o s s  of f l u i d  from t h e  body. Having 
analyzed t h e  r e s u l t s  of  t h e  f l i g h t  of Gemini 7, t h e  a u t h o r s  of t h e  
work spoke t h e i r  minZs on t h e  pathways o f  adap ta t ion  t o  we igh t l e s s -  
ness.  The venous tonus apparen t ly  decreases  g radua l ly ,  t h e  e l a s t f c -  
i t y  of t h e  venous system i n c r e a s e s  and t h e  blood r e t u r n s  t o  t h e  
p e r i p h e r a l  p a r t s  o f  t h e  body, a s  a r e s u l t  o f  which t h e  p r e s s u r e  
decreases  i n  t h e  c e n t r - 1  ve ins  and t h e  w a t e r - s a l t  metabolism regu- 
l a t o r y  mechanisms a r e  r e s t o r e d .  

Changes af Cardiovascular  System 

I n  ca r ry ing  o u t  t h e  Gemici and Apollo programs, much a t t e n t i o n  
was given t o  s tudy of t h e  e f f e c t  of space f l i g h t  on t h e  cardio-  
vascu la r  system. I n  t k i s  c a s e ,  t h e  s tudy was c a r r i e d  o u t ,  bo th  
during t h e  f l i g h t  and a f t e r  it. D u r i n g t b e  Gemini = l i g h t  program, 
t h e  electrocardiogram i n  two l e a d s  and t h e  a r t e r i a l .  p r e s s u r e  were 
recorded (by t h e  method of Krotkov, us;.ng a phonocardiograpt ic  
sensor )  and, i n  Apollo program f l i g h t s ,  t h e  EKG. I n  both  c a s s s ,  
a l a r g e  number of s t u d i e s  was accomplished be fo re  and a f w r  t h e  
f l i g h t s ,  t o  determine t h e  o r t h o s t a t i c  t o l e r a n c e ,  f o r  t h e  purpose 
of r e x a l i n g  decondi t ioning of  t h e  ca rd iovascu la r  system. The /391 
pass ive  s t an? ing  method o r  decompression of  t h e  lower p a r t  of  t h e  
boCv, c r e a t e d  by gradual  reduct ion  i n  p ressure  (NPLR-negative 
p ressure  on lower p a r t  of  body),  was used a s  a test .  O n e  of t h e  
reasons f o r  using t h e  NPLB t e s t  is t h a t  it was used t . e v a l u a t e  t h e  
o r t h o s t a t i c  rechanisms and t h e i r  cond i t ion ing  i n  t h e  f l i g h t s  c a r r i e d  
o u t  i n  Skylal. 3 e s p i t e  t h e  d i f f e r e n c e s  i n  t h e  tests, t h e  physio- 
l o g i c a l  r e a c t s ~ n e  t o  them were approximately t h e  same (Johnson, 1971; 
Elusgrave, 1971, and o t h e r s ) .  Data of t h e  examination of a s t  -9naut 



F. Borman, b e f o r e  and a f t e r  tire f l i g h t s  i n  Gemini 7 and Apol lo  8 ,  
might  b e  i n t r o d u c e d  a s  a n  i l l u s t r a t i o n  (F ig .  115 ) .  

< 

I n d i r e c t  d a t a  on t h e  s t a t e  of t h e  
bea thin c a r d i o v a s c u l a r  sys tem was a l s o  o b t a i n e d  

, . Recovery d u r i n g  t h e  measurements o f  t h e  c a l f  
I Q) p,iod p e r i m e t e r  and h e a r t  dimensions (by - U r ad iog raphy)  o f  t h e  a s t r o n a u t s  i n  t h e  

p r e f l i g h t  and p o s t f l i g h t  p e r i o d s .  3t w a s  
w \ :i/! determined  by a n a l y s i s  o f  t h e  i n - f l i g h t  a ?,,-- - m a t e r i a l  t h a t  t h e  c a r d i ~ v a s c u l a r  sys tem 

C I 
I I i n d i c e s  ( p u l s e  r a t e  and EKG pa rame te r s )  

: ,; I 

\-,.if te +.:- J.Td.-*pt l  -:.LI Y- o f  a l l  a s t r o n a u t s  change q u i t e  r e g u l a r l y :  
"\" P'...' " 3 i n i t i a l l y  ( s t i l l  b e f o r e  t h e  f l i g h t ) ,  t h e  ,.hL. <;rY- p u l s e  qu ickens ,  t h i s  i n c r e a s e  becomes 

s t i l l  mcre significant dur ing  i n s e r t i o n  
o f  t h e  c x a f t  i n t o  o r b i t ,  t h e n ,  t h e  p u l s e  
s lows  down xde r  w e i g h t l e s s  c o n d i t i c n s  
and a g a i n  i n c r e a s e s ,  on e n t r y  i n t o  t h e  

.-. -7, - . - - - . - dense  l ave - s  o f  t h e  a tmosphere  w h i l e  . .  a,! s l a n d i n g  iTable  9 0 ) .  The changes o f  t h e  
Minutes S o v i e t  a s t r o n a u t s  were o f  a s i m i l a r  

n a t u r e  (H. M. Bayevskiy,  e t  a l . ,  1964; 
Fig.  115. P u l s e  r a t e  o f  I. I. Kas'yan, e t  a l . ,  1966; Y e .  I. 
a s t r o n a u t  F. Borman d u r i n g  Vorob'ev,  1969, 170, and o t h e r s ) .  
p a s s i v e  s t a n d i n g  test  en  S i n c e  t h e  p u l s e  r a t e  a f  n a r c o t i z e d  /392 
rotary t a b l e  a t  a n g l e  o f  anixr.als does  n o t  i n c r e a s e  cnde r  wcight-  
70° b e f o r e  (1) and a f t e r  less c o n d i t i o n s  (A. M. G6lkin,  e t  a l . ,  
(2 )  14 day f l i g h t  i n  1958) , the t a c h y c a r d i a  n a t e d  i n  t h e  f  l r s t  
Gemini 7  and w i t h  ne- h o u r s  o f  f l i g h t ,  i n  t h e  o p i n i o n  o f  t h e  
g a t i v e  p r e s s u r e  on t h e  m a j o r i t y  of i n v e s t i g a t o r s ,  i s  rrot t h e  
l o w e r  p a r t  of t h e  body of r e s u l t  o f  t h e  s p e c i f i c  e f f e c t  ~f weiqht-  
20, 40 and 50 mi Hg l e s s n e s s  on t h e  c a r d i o v a s c u l a r  ststen!. 
b e f o r e  ( 3 )  and a f t e r  I t  is  dependent  on t h e  a c c e l e r a t i o n  i n  
( 4 )  6-day f l i g h t  i n  t h e  powered s e c t i o n  and  t h e  d e s c e n t  

Apol lo  8. p e r i o d  and on t h e  nervous-emotional  stress 
i n  b o t h  t h e  p re l aunch  p e r i o d  a 6  o v e r  t h e  

d u r - t i a n  o f  t h e  e n t i r e  f l i g h t .  The change i n  p h y s i c a l  c o n d i t i o n s  -- 
r e r n ~ ~ a l  of  h y d r o s t a t i c  p r e s s u r e  o f  t h e  b lood ,  a s  a r e s u l t  cf which 
t h e  weight  o f  t h e  b lood  d i s a p p e a r e d ,  t h e  work o f  t h e  h e a r t  was e a s e d ,  
t h e  p u l s e  d i s t i n c t l y  siowed down -- a p p a r e n t l y  it does  noc p l a y  t h e  
l e a s t  r o l e  under w e i g h t l e s s  c o n d i t i o n s .  

I n  an a n a l y s i s  of  t h e  d a t a  o f  Table  90 ,  t h e  moderate  n ; - t u r e  o i  
t h e  i n c r e a s e  i n  p u l s e  r a t e  i n  t h e  powered s e c t i o n  d u r i n g  t h e  Apol lo  
f l i g h t s ,  compared w i t h  t h e  Gemini f l i g h t s ,  z t t r a c t s  a t t e n t i o n .  T h i s  
a p p a r e n t l y  is e x p l a i n e d  by lower a c c e l e r a t i o n s  and g r e a t e r  c o n f i -  
dencc of t h e  crews i n  t h e  r e l i a b i l i t y  of  t h e  technology  and t h e  
s a f e t y  of  t h e  f l i g h t s .  Repeated p a r t i c i p a t i o n  o f  t h e  a s t r o n a u t s  i n  



TABLE 90 

MAXIMUM PULSE RATE OF SOME ASTRONAUTS DURING SPACE FLIGHT 

1 / i d  of / mtwintO dense layers 
Spacecraft,  Astronaut Weightlessness of atmosphere 
d- durin descent 

I 

Gemini 3 r . Grissom 
J.  Young 

" 4 J. McDivitt 
E .  White 

5 00 e c": EonPa5 " 6 W. Schirre hrs ,  and it stab- 
T. Stafford 

" 7 F. Borman 
D. Love11 

" 8 ,,: f!2trong 
" 9 T.  Stafford 

E. Cernan 
" 10 J. Yourrg ! 

.. Coll ins  
" 11 :. Conrad 

R .  Gordon 

s p a c e  expe r imen t s  a l s o  i s  o f  g r e a t  v a l u e .  T h i s  i s  seen  e s p e c i a l l y  
g r a p h i c a l l y ,  i n  a n a l y s i s  o f  t\e d a t a  o f  examina t ion  o f  t h e  Apol lo  11 
c r e w  members. The qu icken ing  o f  t h e  p u l s e  was more s i g n i f i c a n t  i n  
a l l  a s t r o n a u t s  d u r i n g  t h e  Gemini f l i g h t s .  The q u e s t i o n  o f  change 
i n  p u l s e  r a t e  o f  t5e a s t r o n a u t s  a t  rest ,  i n  p r o p o r t i o n  t o  t?e stay 
under  w e i g h t l e s s  c o n d i t i o n s ,  w a s  o f  i n t e r e s t .  D i e t l e i n  (1970) compared 
t h e  p u l s e  rate ( i n  p e r c e n t  of t h e  p r e f l i g h t  d a t a )  d u r i n g  Genin i  
f l i g h t s  o f  d i f f e r i n g  d u r a t i o n s .  I t  t u r n e d  o u t  t h a t  an a lmos t  l i n e a r  
i n c r e a s e  of  t h e  i n d i c e s  is  observed ,  up t o  t h e  8 t h  day and a 
d e c r e a s e  t o  t h e  14 th .  The a u t h o r s  e x p l a i n e d  t h i s  by improvements i n  
t h e  work, rest  an6  e a t i n g  schedu le  o f  t h e  Gemini 7 crew members and, 
n:ainly,  by t h e  f a c t  t h a t  t h e  a s t r o n a u t s  d i d  n o t  wear t n e  s p a c e s u i t s  
d c r i n g  a l a r g e  p a r t  of t h e  f l i g h t  (F ig .  1 1 6 ) .  

Val lbona ,  D i e t l e i n  and c o l i e a g u e s  (1970) t ho rough ly  s t u d i e d  t h e  
e f f e c t  o f  space  f l i g h t  c o n d i t i o n s  on t h e  b i o e i e c t r i c  a c t i v i t y  of  t h e  
h e a r t .  Stu-:,lng t h e  EKGs  r eco rded  i n  t h e  Gemini 4-Gemini ', f l i g h t s ,  
t h e 1  found ~ u n s i d e r a b l e  v a r i a b i l i t y  o f  t h e  c a r d i a c  c y c l e  pazam- / 3 9 3  
eters i n  a11 t h e  a s t r o n a u t s .  A d i r e c t  c o r r e l a t i o n  was n o t e d ,  o f  t h e  
n a t u r e  o f  t h e  change i n  EKG i n d i c e s  and h e a r t  r a t e .  I t  was shown by 



Fig .  116. Change i n  p u l s e  
r a t e  a t  rest ( i n  p e r c e n t  o f  
c o n t r o l  examina t ion  d a t a  ; 
ave rage  v a l u e s )  o f  Gemini 
crew members and subjects 
i n  bed rest vs .  l e n g t h  o f  
e x p e r i  . e n t s :  1, bed rest; 
2 ,  space  f l i g h t s ;  2oman 
~ u m e r a l s  a r e  s p a c e c r a f t  
nunbers  

F ig .  117. Change i n  p u l s e  
p r e s s u r e  a t  rest \ i n  pe r -  
c e n t  o f  c o n t r o l  examin 
a t i o n  d a t a ;  ave rage  
v a l u e s )  o f  Gemini crew 
members and s u b j e c t s  i n  
bed r e s t  v s .  l e n g t h  o f  
exper iments :  designa-  
t i o n s  same a s  i n  F ig .  116 

s t a t i s t i c a l  p r o c e s s i n g  ( r e g r e s s i o n  
method and o t h e r s )  t h a t  t h e  d e v i a t i o n s  
obse rved  do n o t  go beyond normal l i m i t s .  
S e v e r a l  e x t r a s y s t o l . c ~ s  were reco rded  i n  
f l i g h t ,  p r i m a r i l y  d u r i n g  t h e  a c c e l e r a t i o n  
i n  launch  and d e s c e n t .  Arhythmic con- 
t r a c t i o n s  o f  t h e  c a r d i a c  muscle i r  f l i g h t  
also were p o i n t e d  o u t  i n  a  b r i e f  r e p o r t  
o f  t h e  r e s u l t s  o f  t h e  f l i g h t  o f  astro- 
n a u t s  D.  S c o t t  and J. I rwin  i n  Apol lo  15. 

I n  t h e  o p i n i o n  o f  Berry and 
c o l l e a g u e s  (1966) ,  s t u d y  of t h e  a r te r ia l  
p r e s s u r e  r e v e a l e d  no r e g u l a r i t i e s .  With 
qu icken ing  of t h e  p u l s e ,  it a l s o  i n c r e a s e d .  
During t h e  f l i g h t  o f  Gemini 7 ,  o v e r  a 
p e r i o d  of 14 days ,  t h e  maximum a r t e r i a l  
p r e s s u r e  o f  t h e  a s t r o n a u t s  was w i t h i n  
110-145 mm Hg, t h e  minimum, 50-80 FIil Hg 
and  t h e  p u l s e ,  50-30 mm Hg. I n  pro- 
p o r t i o n  t o  t h e  s t a y  under  w e i g h t l e s s  
c o n d i t i o n s ,  a  change was nored  i n  t h e  
p u l s e  p r e s s u r e ,  which is ev idence  of 
hemodynamic s h i f t s  (F ig .  1 1 7 ) .  

Stu2y of t h e  c a r d i o v a s c ~ l a r  s y s t e n  
was c a r r i e d  o u t  i n  f l i g h t ,  n o t  o n l y  
w i t h  t h e  a s t r o n a u t s  i n  a  s t a t e  o f  res t .  
b u t  w h i l e  t h e y  performed work: d u r i n g  
e x t r a v e h i c u l a r  a c t i v i t y  a n 3  w h i l e  on 
t h e  s u r f a c e  o f  t h e  moon. A s  is  w e l l  
known, f i v e  a s t r o n a u t s  performed e x t r a -  
v e h i c u l a r  a c t i v i t y  i n  t h e  Gemini space  
f l i g h t  program. They were t h e r e  and 
worked about  6 h o u r s  o v e r a l l .  The f i r s t  
e x t r a v e h i c u l a r  a c t i v i t y  took p l a c e  d u r i n g  
t h e  f l i g h t  o f  G e m i c i  4 .  The p u l s e  and 
r e sp i rp t i . cn  o f  9. h l i t e ,  who went o u t  
i n t o  s p s c e ,  were xecorded (F ig .  1 1 8 ) .  
As i s  e v i d e n t ,  t h e  p u l s e  r a t e  was 
c o n s i d e r a b l e .  A t  i n d i v i d u a l  moments 
(wh i l e  c l o s i n g  t h e  h a t c h ) ,  it reached  
176  Lzat/min.  Approximately t h e  same 
d a t a  were recorded  ,Jr E.  Ctri ian.  A t  
t h e  moment of opening t h e  h a t c h ,  t h e  
pi l lse  of E.  Cernan reached  155 beat /min,  
it dec reased  t o  1 2 5  beat /min a f t e r  30 min 
and ,  t h e n ,  it rerriained between 130 and 
170  beat /min.  The . ighc?st r a t e  a l s o  wcs 
noted  cpc3 c lo s ing  tile h a t c h  (180 b e a t /  
min) . Such s i g n i f i c a n t  , ) h y s i o l o g i c h l  
s h i f t s ,  a s  i t  t u n e d  o u t .  were dependent  



.f : 
mainly on e x t e r n a l  causes :  i n a d e q u a c i e s  

u i n  t h e  s p a c e s u i t  l i f e  s u p p o r t  sys tems ,  
(d 
LI ;$ Q) .. dt14(7,A: i n e f f i c i e n t  f a s t e n i n g  sys tems ,  d i s r u p t i o n s  
-4 4J i n  o r g a n i z a t i o n  o f  t h e  work and rest 

s c h e c u l e s  o f  t h e  a s t r o n a u t s .  A l l  t h i s  
was t aken  i n t o  accoun t  i n  succeed ing  

"s ' A B  
e x t r a v e h i c u l a r  a c t i v i t i e s ,  when somewhat 

C D E  
9) la I d i f f e r e n t  d a t a  were o b t a i n e d .  The 
IID 9) f l  ,. .,fi* . p h y s i o l o g i c a l  s h i f t s  were q u i t e  moderate  
4 +) , . , , ,  * \ j.*V;A; 
7 10 
P4 

(F ig .  1 1 9 ) .  S i m i l a r  r e s u l t s  w e r e  o b t a i n e d  
i n  t h e  e x t r a v e h i c u l a r  a c t i v i t i e s  o f  R. 

Time frcm moment of Schweickar t ,  T. M a t t i n g l y  and o t h e r  a s t r o -  
launch, hours, minutes n a u t s  i n  t h e  Apol lo  program. 

Fig.  118. P u l s e  (1) and 
r e s p i r a t i o n  ( 2 )  rates o f  
a s t r o n a u t  E. W.~ite d u r i n g  
e x t r a v e h i - c u l a r  a c t i v i t y  : 
A,  ha t ch  opening;  B,  
r e c e i p t  o f  command t o  
l e a v e  cab in ;  C ,  e x i t  
from c a b i n ;  D ,  r e t u r n  
t o  c a b i n ;  E ,  h a t c h  
c l o s i n g  

C 
0 

American a s t r o n a u t s  landed  r e p e a t e d l y  
on t h e  s u r f a c e  of  t h e  moon. They were on 
it f o r  more t h a n  70 hour s  o v e r a l l .  A 
d e f i n i t e  moderat ion o f  changes i n  p l l l se  
r a t e  a t t r a c k  a t t e n t i o n  h e r e .  I t  quickened ,  
b u t  t h e  s h i f t s  were n o t  s i g n i f i c a n t  i n  
t h e  m a j o r i t y  o f  cases. Thus, t h e  p u l s e  
rates of t h e  f i r s t  t r a v e l e r s  t o  t h e  moon 
were 90-100 b e a t / n i n  on t h e  ave rage  d u r i n g  
t h e  e x t r a v e h i c u l a r  a c t i v i t y ;  N. T. 
Armstrong had t h e  maxinum v a l u e  o f  160 

Time from moment of 
launch, hours, minutes 

Fig.  119. P u l s e  (1) and r e s p i r a t i o n  ( 2 )  r a t e s  o f  
a s t r o n a u t  E. A l d r i n  d u r i n g  e x t r a v e h i c u l a r  a c t i v i t y :  
A ,  h a t c h  opening;  B ,  a t t achmen t  of  c a b l e  t o  s a t e l -  
l i t e  h u l l ;  C and 3, a c t i o n s  i n  s p a c e ;  E ,  r e t u r n  t o  
c a b i n ;  F ,  h a t c h  c l o s i n g  

beat/min and E. A l d r i n ,  125 beat/rnin (Fig.  1 2 0 ) .  

During t h e  f i r s t  e x t r a v e h i c u l a r  a c t i v i t i e s  o f  a s t r o n a u t s  C. Conrad 
and A. Bean, t h e  ave rage  p u l s e  r a t e  o f  t h e  former  war 105 (80-150) 
beat /min,  and t h a t  of A. Sean ,  121  (82-151) beat /min.  T h e i r  s t a t e  of 



N- A m s t r o n g  h e a l t h  was e x c e l l e n t .  True ,  
C . I '  

.. - 
\ ( 4  ,: (;I y, # ,,. ) 

d u ~  _i-ng t h e  second e x t r a -  
-4 ; 
ti - V ?  V ?  v " v e h i c u l a r  a c t i v i t y ,  t h e  
\ .., ' i~~~!~* t s h i f t s  were more s i g n i f i c a n t .  
+J 

m I 
: Y \l;' "\rviJ%,crc' 

The i ~ u l s e  f l u c t u a t e d  between 
0) 
A 20%J 165 and 170 beat/min.  

F a t i g u e  a p p a r e n t l y  showed up. . 
0 ) .  The p u l s e  changes o f  A. 
4 ,  
4 

E. A l d r i n  Shepard and E. M i t c h e l l  a l s o  
k .  

i; @ Q (ii were moderate d u r i n g  t h e  
QI ' ' !  v v t l u n a r  e x t r a v e h i c u l a r  
m u4b., p ,4 4 ,?,? , a c t i v i t y  from ApolLo 14. /395 
ri 
1 - -ki b t , ~ , ~ L ~ ! > i L b ~ i ~ ~ ~ ~ ~ f \ ;  &' I V  T h a t  of t h e  f i r s t  v a r i e d  
PI between 90 and 100 beat/min 

---. ~ - . - .  .. . 
, , 

and ,  t h e  second ,  100-120 beat/ . . . ,  . . , min. 
I.. 

On board t i m e ,  minutes I n  t h i s  r e s p e c t ,  t h e  
F ig .  120. Change i n  p u l s e  r a t e  of  r e s u l t s  o f  t h e  work o f  V. S. 

a s t r o n a u t s  N. Armstrong and E. A l d r i n  Georgiyevskiy and c o l l e a g u e s  
d u r i n g  f i r s t  l u n a r  e x t r a v e h i c u l a r  (1972) , s t u d y i n g  t h e  e f f e c t  
a c t i v i t y :  1, a r r i v i l  cn  s u r f a c e  of  o f  a 5-day o r b i t a l  f l i g h t  on 
moon; 2 , c o l l e c t i o n  o f  emergency b lood  c i r c u l a t i o n  d u r i n g  
samples  o f  l u n a r  s o i l ;  3, i n s t a l -  p h y s i c a l  work o f  moderate  
l a t i o n  of a p p a r a t u s ;  4 ,  c o l l e c t i o n  o f  i n t e n s i t y ,  100 W (612 kgm/rr,in), 
main sample o f  l u n a r  s o i l ;  5, a r e  o f  d e f i n i t e  i n t e r e s t .  
comple t ion  o f  work i n  space  I t  t u r n e d  o u t  t h a t ,  a f t e r  t h e  

f l i g h t ,  t h e  r e a c t i o n  of  t h e  
c a r d i o v a s c u l a r  system d e t e r i o r a t e d  (more r a p i d  p u l s e ,  d e l a y  i n  r e t u r n  
t o  normal of i t s  rhy t l  r. a f t e r  t h e  tes t ,  e tc . ) .  However, t h e  hemo- 
dynamic s h i f t s  d i d  riot go beyond normal l i m i t s .  The f u n c t i o n a l  
r e s e r v e s  were comple te ly  p r e s e r v e d .  

Speaking o f  t h e  p h y s i o l o g i c a l  mechanisms o f  such changes ,  American 
i n v e s t i g a t o r s  connec t  them p r i m a r i l y  w i t h  p h y s i c a l  work, which was 

, performed i n  f l i g h t  by  t h e  a s t r o n a u t s .  T h i s  a p p a r e n t l y  i s  t r u e .  
However, t h e  c l a i m  o f  Ber ry  (1970) d e s e r v e s  a t t e n t i o n .  Analyzing t h e  
r e s u l t s  o f  t h e  l u n a r  expe r imen t s ,  he  p o i n t e d  c u t  t h a t ,  i n  a  number o f  
c a s e s ,  qu ickening  o f  t h e  p u l s e  was n o t  caused  by work. I n  t h e  
o p i n i o n  of the a u t h o r ,  t h e r e  a r e  some o t h e r ,  p r e s e n t l y  unknown 
c a u s e s  of t h i s  phenomenon, which must b e  s t u d i e d  f u r t h e r .  

Based on space  exper iment  m a t e r i a l s ,  R. N. Bayevskiy and 0. G. 
Gazenko (1964) and V. V. P a r i n  and c o l l e a g u e s  (1967) d i s t i n g u i s h e d  
s e v e r a l  phases  i n  t h e  n a t u r e  o f  change i n  t h e  hemcdynamic i n d i c e s  i n  
ke ic j l . t l essness :  t r a n e i t i o n a l  r e a c t i o n s ,  o f  t h e  "unloading"  t y p e  and 
s t a b i l i z a t i o n  r e a c t i o n s ,  r e f l e c t i n g  predominance o f  pa ra sympa the t i c  
e f f e c t s .  Without denying t h e  p re sence  of t h e s e  phases ,  A .  M. Genin 
and I .  D. Pes tov  (1971) c o n s i d e r  t h a t ,  d u r i c y  a  long  s t a y  under  



w e i g h t l e s s  c o n d i t i o n s ,  t h e  a?pe?rance o f  r e a c t i o n s  o f  a  sympa the t i c  
n a t u r e  is l i k e l y .  Thus, i n  t h e  18-day f l i g h t  o f  Soyuz 9 ,  d u r i n g  t h e  - 
l a s t  week o f  t h e  f l i g h t ,  a tendency toward i n c r e a s e  i n  p u l s e  rate 
was no ted  ( Y e .  I. Vorob'ev,  e t  a l . ,  1970) .  

The f i r s t  i n f o r m a t i o n  t h a t  t h e  t r a n s i t i o n  from w e i g h t l e s s n e s s  
t o  terrestrial  g r a v i t a t i o n  is  a  q u i t e  d i f f i c u l t  p r o c e s s  appea red  
a f t e r  t h e  first o r b i t a l  f l i g h t s  (Link, 1965) .  Pronounced s i g n s  of  
r e d u c t i o n  i n  o r t h o s t a t i c  t o l e r a n c e ,  which were r e t a i n e d  f o r  a  p e r i o d  
of  19 h o u r s  a f t e r  t h e  f l i g h t ,  were observed  i n  a s t r o n a u t s  f l y i n g  i n  
t h e  Mercury program (Berry ,  1971) .  Taking t h i s  i n t o  c o n s i d e r a t i o n ,  
s p e c i a l  s t u d i e s  were i n c l u d e d  i n  t h e  p r e f l i g h t  and p o s t f l i g h t  s t u d y  
program, f o r  d e t e r m i n a t i o n  o f  o r t h o s t a t i c  t o l e r a n c e .  The f a c t  i s  
t h a t ,  by a  number o f  i n d i c a t o r s ,  t h e  d i r e c t i o n  o f  change i n  c a r d i o -  
v a s c u l a r  sys tem i n d i c e s  was i d e n t i c a l ,  under  b o t h  o r t h o s t a t i c  a c t i o n s  
and under  w e i g h t l e s s  c o n d i t i o n s .  From t h i s ,  it is  p o s s i b l e  t o  
p r e d i c t ,  w i t h  a  c e r t a i n  deg ree  o f  p r o b a b i l i t y ,  t h e  development o f  
o r t h o s t a t i c  incompetence i n  a s t r ~ n a u t s  under  space  f l i c h t  c o n d i t i o n s  
(P. V. Buyanov, N. V. P i sa renko ,  1972, and o t h e r s ) .  

A s  a r e s u l t  o f  t h e  s y s t e m a t i c  e x a n i n a t i o n  o f  t h e  Gemini crew 
n~ernbers, a p o s t f l i g h t  2 e c r e a s e  i n  o r t h o s t a t i c  t o l e r a n c e  was e s t a b -  
l i s h e d ,  e x p r e s s e d  by qu icken ing  o f  t h e  h e a r t  b e a t ,  r e d u c t i o n  i n  
s y s t o l i c  and p u l s e  p r e s s u r e ,  and an i n c r e a s ?  i n  tendency  towards  
development o f  f a i n t i n g  s t a t e s  w h i l e  m a i n t a i n i n g  t h e  v e r t i c a l  i 
p o s t u r e  ( D i e t l e i n ,  1970) .  I t  t u r n e d  o u t  t h a t  o r t h o s t a t i c  t o l e r a n c e  
a f t e r  t h e  14-day o r b i t a l  f l i g h t  o f  Gemini 7 dec reased  no more t h a n  
a f t e r  f l i g h t s  o f  s h o r t e r  d u r a t i o n  (1-6 d a y s ) .  A s  an i l l u s t r a t i o n ,  
d a t a  on t h e  change i n  p u l s e  r a t e  a f t e r  s p a c e  f l i g h t s  o f  v a r i o u s  
d u r a t i o n s  and t h e  r e s u l t s  o f  t h e  examina t ion  o f  t h e  Gemini 7 /396 
conunander F. Borman (Fig.  122) a r e  p r e s e n t e d  i n  F i g s .  121  and 122. 
I n  t h e  l a t t e r  f i g u r e ,  t h e  n o t i c e a b l e  i n c r e a s e  i n  p u l s e  r a t e  i n  t h e  
f i r s t  p o s t f l i g h t  examina t ion  a t t r a c t s  a t t e n t i o n .  Although t h 2  
p r e f a i n t i n g  c o n d i t i o n  was n o t  n o t e d ,  t h e  p u l s e  p r e s s u r e  dec reased .  
The l e g  volume i n c r e a s e d ,  which i n d i c a t e d  c o n s i d e r a b l e  f i l l i n 9  w i t h  
b lood .  S i m i l a r  d a t a  were o b t a i n e d  i n  Apol lo  program examina t ions  
( D i e t l e i n ,  1970; Johnson,  1971; Be r ry ,  1971) .  A s  a  r u l e ,  d u r i n g  
t h e  f i r s t  p o s t f l i g h t  examina t ions ,  c r e a t i o n  o f  n e g a t i v e  p r e s s u r e  on 
t h e  lower p a r t  o f  t h e  body o r  a s t a n d i n g  t e s t  l e d  t o  a c c e l e r a t i o n  o f  
t h e  h e a r t  r a t e ,  which was g r e a t e r  t h a n  b e f o r e  t h e  f l i g h t  (F ig .  1 2 3 ) .  

The chanc2s i n  a r t e r i a l  p r e s s u r e  d u r i n g  t h e  o r t h o s t a t i c  test  
were n o t  r e g u l a r .  I n  a  number o f  c a s e s ,  t h e  s y s t o l i c  and d i a s t o l i c  
p r e s s u r e  dec reased  and,  i n  o t h e r s ,  t h e y  i n c r e a s e d .  However, t h e  
p u l s e  p r e s s u r e  t u rned  o u t  t o  b e  reduced from t h e  p r e f l i g h t  d a t a  i n  
a l l  a s t r o n a u t s  (F ig .  1 2 4 ) .  V a r i a t i o n s  i n  s y s t o l i c  and d i a s t o l i c  
p r e s s u r e  were c h a r a c t e r i s t i c .  I n  pe r sons  who were c l o s e  t o  t h e  
f a i n t i n g  s t a t e  d u r i n g  t h e  t e s t ,  a  c o r . s i d e r a b l e  d e c r e a s e  j.n p ~ l l s .  
s y s t o l i c  and ,  t o  a lesser e x t e n t ,  d i a s t o l i c  p r e s s u r e  and marked 
b r a d y c a r d i a  were noted .  6" 



I n  t h e  f l i g h t s  o f  Apo l lo  11, 
Apol lo  12 ,  Apo l lo  14  and Apo l lo  1 5 ,  
some a s t r o n a u t s  were i n  a  state of  
w e i g h t l e s s n e s s  f o r  a l o n g  t i m e  and 
o t h e r s  were p a r t l y  under  c o n d i t i o n s  
of dec reased  g r a v i t a t i o n  (1/6 g )  , 
w h i l e  per forming  s p e c i f i c  t y p e s  o f  
work. I n  t h i s  connec t ion ,  it was 
i n t e r e s t i n g  t o  compare t h e  esti-  
mates o f  t h e i r  o r t h o s t a t i c  t o l e r a n c e .  

A I t  t u r n e d  out t h a t ,  i n  a s t r o n s u t s  
per forming  l u n a r  e x t r a v e h i c u l a r  /39 7 
a c t i v i t y ,  it dec reased ,  b u t  t o  a . 

! ; " , ,  ' , i i i  11 lesser e x t e n t  t h ~ r  i n  p e r s o n s  i n  
I l , ,  z,,:; ! : I 1  !,,.:, ! ! '  i w e i g h t l e s s n e s s  a l l  t h e  t i m e .  The - .  . 

.. l a t t e r  is i l l u s t r a t e d  by t h e  r e s u l t s  
~ a v s  of examina t ion  o f  t h e  Apol lo  1 4  

crew members, where S. qoosa ,  t h e  
F ig .  121. Change i n  p u l s e  r a t e  c a m a n d  module p i l o t ,  ui8 n o t  perform 
( i n  % of c o n t r o l  examina t ion  l u n a r  e x t r a v e h i c u l a r  a c t i v i t y  and 
d a t a ;  average  v a l u e s )  i n  o r tho -  t h e  o t h e r  crew members d i d  (Table  9 1 ) .  
s t a t i c  test o f  a s t r o n a u t s  A s  i s  e v i d e n t ,  f o r  a s t r o n a u t 5  A .  
a f t e r  Gemini f l i g h t s  and of  Shepard and E. M i t c h e l i ,  s u b j e c t  t o  
s u b j e c t s  a f t e r  bed rest vs .  l u n a r  g r a v i t a t i o n ,  a l n o s t  no changes 
l e n g t h  of e x p e r i n e n t s :  o v e r  t h e  p r e f l i g h t  r e a c t i o n s  were 
d e s i g n a t i o n s  same a s  i n  Lound i n  t h e  p a s s i v e  s t a n d i n g  t e s t .  
F ig .  116 For  S. P.oosa, on t h e  ~ t h e r  hand, t h e  

p u l s e  r a t e  i n c r e a s e d  v e r y  n o t i c e a b l y  
and  t h e  a r t e r i a l  p r e s s u r e  dec reased .  Moreover, i n  t h e  examina t ions  
immediately  a f t e r  t h e  f l i g h t  and 12  hour s  a f t e r  it, a p r e f a i n t i n g  
s ta te  was no ted .  Of c o u r s e ,  it is s t i l l  e a r l y  t o  <raw f i n a l  con- 
c l u s i o n s  on t h i s  q u e s t i o n ,  t h e  more s o  t h a t  t h i s  dependence d i d  n o t  
appea r  i n  examinatia2n o f  t h e  Apol lo  1 5  a s t r o n s u t s .  I n  t h e  o p i n i o n  o f  
American i n v e s t i g a t o r s ,  r e f inemen t  and a d d i t i o n a l  s t u d i e s  a r e  
r e q u i r e d .  

A s  was p o i n t e d  c l ~ t  above, t h e  f u n c t i o n a l  s t a t e  of  t h e  c a r d i o -  
v a s c u l a r  system i n  t h e  p o s t f l i g h t  p e r i o d  a l s o  was e v a l u a t e d  by 
dynamic measurements o f  c e r t a i n  i n d i c e s  o f  t h e  a s t r o n a u t s  i n  t h e  
s tate  of rest ,  w i t h o u t  f u n c t i o n a l  tests.  I n  p a r t i c u l a r ,  t h e  p u l s e  
r a t e  and a r t e r ~ a '  p r e s s u r e  were r e c o r d e d ,  t h e  l e g  volume was measured 
and h e a r t  r a d : ~  aphy was ~ e r f q r m e d .  The most complete  and i n t e r e s t -  
i n g  summary o .  'ie r e s u l t s  o f  t h e s e  measurements o f  t h e  Apo l lo  crzw 
members i s  t h a t  of  Johnson (1971) .  According t o  h i s  d a t a ,  i n  t h e  
p c s ~ f l f g h t  examina t ions ,  c. d e c r e a s e  i n  p e r i m e t e r  o f  t h e  c a l v e s  of t h e  
a s t r o n a u t s  r e g u l a r a l y  app.?ars d u r i n g  t h z  examinat ion immediately  /399 - 
a f t e r  splashdown. The pf : r imeter  o f  t h e  e x t r e m i t i e s  o f  a l l  t h e  
crew members o f  Apol lo  7-11 and Apol lo  15  dec reased  by o ~ e  crn on t h e  
average  (0 .25-2  c m )  . 
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Fig .  122. P h y s i o l o g i c a l  r e a c t i o n s  
of  Gemini 7 s p a c e c r a f t  commander 
t o  o r t h o s t a t i c  tests b e f o r e  and 
a f t e r  s p a c e  f l i g h t :  1, p r e f l i g h t  
p u l s e  r a t e ;  2, p o s t f l i g h t  p u l s e  - 

r a t e ;  3, maxirim p r e f l i g h t  
a r t e r i a l  p r e s s u r e ;  4, maximum 
p o s t f l i g h t  a r t e r i a l  p r e s s u r e ;  
5 ,  minim~m p r e f l i g h t  a r t e r i a l  
p r e s s u r e ;  6 ,  minimum p o s t f l i g h t  
a r t e r i a l  p r e s s u r e ;  7 ,  p r e f l i g h t  
l e g  vo lun~e;  8 ,  p o s t f l i g h t  l e g  
v o l m e  

Radiography of t h e  t l  .r,ricic 
cage  o f  24  p i l o t s  i n  t h e  Apol lo  
Frogram r e s u l t e d  i n  de t e rmin ing  
t h a t  t h e  h e a r t  shwow s i z e  o f  
19  men dec reased .  The  rede el 
i n d e x  ( r a t i o  of t h e  l a t e r a l  
dimensions o f  t h e  h e a r t  an2  
lungs )  dec reased  by 0.01 i n  
f i v e  a s t r o n a u t s ,  by 0.02 L? 
two, by 0.03 i n  t h r e e ,  by 0.04 
i n  s i x ,  by 0.06 i n  one  and by 
0.01 a l s o  i~ one a s t r o n a u t .  
T h i s  amounted t o  0.5-3 c m  
la teral  d i a m e t e r  o f  t h e  h e a r t  
shadow. Among t h e  crew inembers 
per forming  l u n a r  e x t r a v e h i c u l a r  
a c t i v i t y ,  t h e  changes  were less. 
and t h a t  o f  N. Armstrong, t h e  
Apol lo  11 s p a c e c r a f t  commander, 
t h e r e  were none a t  a l l .  In-  
s p e c t i o n  o f  t h e  p r e f l i g h t  and 
p o s t f l i g h t  pho tos  o f  t h e  
t h o r a c i c  cage  o f  t h e  Gemini crew 
members d i s c l o s e d  t h e  same 
r e g u l a r i t y :  a  d e c r e a s e  i n  t h e  
Grede l  i n d e x  and a  change i n  
c o n f i g u r a t i o n  of t h e  h e a r t  
shadow. 

During t h e  p o s t f l i g h t  
examina t ions ,  i n  c l i n i c a l  
e l e c t r o c a r d i o g r a m s  r eco rded  
i n  t h e  prone  p o r - t i o n ,  a 
d e c r e a s e  i n  t h e  T-spike and 
s m a l l ,  b u t  n o t i c e a b l e  s h i f t s  
i n  t h e  QRS complex f r e q u e n t l y  
were no ted .  The Apol lo  15  

a s t r o n a u t s  were t h e  f i r s t  f o r  whom v e c t o r  card iograms were ~nade  
b e f o r e  and a f t e r  f l i g h t s .  Thcre  was an i d e n t i c a l  widening of t h e  
QRS-T a n g l e  o f  d ive rgence  f o r  t h e  s p a c e c r a f t  commander and t h e  l u n a r  
module p i l o t .  The T-spike was s h i f t e d  30' c lockwise  from i t s  ave raqe  
lower  and l e f t  d i r e c t i o n .  The QRS complex i n c r e a s e d  i n  all t h r e e  
p l a n e s .  The v e c t o r  was d i r e c t e d  backwards;  b o t h  t h e  l e f t  s i 2 e  and 
t h e  r i g h t  s i d e  ones  became a p : x e c i a b l y  l a r g e r .  An e x c e p t ~ o n  was 
t h e  d a t a  o f  t h e  command module p i l o t .  The f i n a l  k a r t  of t h e  QRS 
complex had a  p r o j e c k i o n ,  more o r i e n t e d  t o  t h e  r i g h t  and r e a r ,  /400 
and t h e  l o b s  o f  t h e  T-spike was d i r e c t e d  s l i g h t l y  more t o  t h e  r e a r  
and v e r t i c a l l y  t h a n  t h a t  r eco rded  b e f o r e  t h e  f l i g h t .  Such vec to ro -  
g r a p h i c  changes i n d i c a t e  a  d e c r e a s e  i n  h e a r t  volume (Johnson,  1971) .  
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Fig. 123. Maximum p u l s e  r a t e  l e v e l  of some a s t r o n a u t s  
a f t e r  Apollo program f l i g h t s  wi th  nega t ive  p r e s s u r e  on 
lower h a l f  of t runk :  1, w e f l i g h t  examination r e s u l t s ;  
2 ,  p o s t f l i g h t  examination r e s u l t s ;  3, l i m i t s  o f  v a r i a -  
t i o n  
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Fig. 1 2 4 .  Pulse  p r e s s u r e  of  some a s t r o n a u t s  a f t e r  
Apollo program f l i g h t s  wi th  nega t ive  p r e s s u r e  on t h e  
lower h a l f  of t runk :  d e s i g n a t i o n s  same a s  i n  Fig. 123 



TABLE 91 

CARDIOVASCULAR SYSTEM KEACTION INDICES OF APOLLO 14 CREW 
MEMBERS IN PASSIVE ORTHOSTATIC TEST (average data) 

I I T o s t f l i g h t  Data 
Astronaut Preflight f er f er I gi:ger I f5 er. 1 a krs i 3 i  Ers 

1 Pulse rate, beat/min 

LMP 

I Systolic arterial pressure. ma Ha 

LMP 

( Diastolic cerial pressure, m ~g 

LMP 

The pulse rate and arterial pressure wnre not recorded at rest 
for all astronauts. There was a statistically significant increase 
in pulse over the preflight data for 12 of 21 astronauts and it was 
practically constant for 9. 

It should be noted in conclusion that the changes observed in 
the cardiovascular systen under weightless conditions are adaptive 
reactions to tbese unusual conditions. There was not a single case 
of deteriorati~n in cardiac activity during the flights. Changes 
in the cardiovascular system became evident only aft:r the return 
earth gravitation. In the postflight period, an increasea accumu- 
lation of venous blood in the lcwer parts of the body, a quickening 
of heart rate in the othostatic test (up to 150-170 beat/min), a 
decrease in pulse pressure and a prefainting state were found. 
These chanc~cz should be closely connected with the disproportionately 
large capacity of the vessels, with respect to the volume of 
circulating blood and with imperfections of the regulatory mechanidms, 
which is confirmed by the considerable oscillations of arterial 
pressure during the postflight examination. T 5 e  degree of change and 
length of the recovery periodfdepended to a certain extent on flight 
duration. The recovery period did not exceed 72 hours. In the 
opinions of American authors (Berry, Dictlein and oti.zrs), studies 
of this problem should be continued. 



Changes i n  Blood I n d i c e s  

American s c i e n t i s t s  p a i d  much a t t e n t i o n  t o  hema to log ica l  /401 
s t u d i e s  i n  t h e  p o s t f l i g h t  examina t ions .  They c a r r i e d  o u t  g e n e r a l  
a n a l y s e s  of  t h e  b lood ,  a s  w e l l  a s  s p e c i a l  s t u d i e s .  I n  a n a l y s i s  of 
t h e  r e s u l t s  o f  examina t ion  o f  t h e  Gemini crew members, it was 
de te rmined  t h a t ,  a f t e r  t h e  f l i g h t s ,  t h e  e r y t h r o c y t e  mass dec reased  
q u i t e  r e g u l a r l y  (by 7-20% from t h e  p r e f l i g h t  examina t ions )  and,  t o  
a c o n s i d e r a b l y  s m a l l e r  e x t e n t ,  t h e  b lood  and plasma volume. A f t e r  
a 14-day f l i g h t ,  t h e  two l a t t e r  i n d i c e s  o f  t h e  a s t r o n a u t s  even 
i n c r e a s e d  (Table  9 2 ) .  D i e t l e i n  e x p l a i n s  t h e s e  d i f f e r e n c e s  by t h e  
s i n g u l a r i t i e s  o f  n u t r i t i o n .  I n  t h e  f l i g h t  o f  Gemini 7 ,  t h e  a s t r o -  
n a u t s  were a l lowed t o  e a t  and d r i n k  e v e r y t h i n g  t h e y  wished. T h i s  
a p p a r e n t l y  f a v o r a b l y  a f f e c t e d  plasma volume, and t h i s  i ndex  d i d  n o t  
dec rease .  

TABLE 92  

HEMATOLOGICAL INDICES OF G E M I N I  CREW MEMBERS AFTER LONG 
FLIGH1~S ( i n  % of  p r e f l i g h t  d a t a )  

Index 

Blood volume 
Plasma volme 
Erythrocyte mass 

3s fo l lows  from Tab le  9 2 ,  a l t e r  a f l i g h t ,  t h e  e r y t h r o c y t e  
l i f e t i m e  d e c r e a s e s ,  i n c r e a s e d  f r a g i l i t y  o f  them is n o t e d ,  t h e i r  
volume i n c r e a s e s ,  t h e  t o t a l  h e m a t o c r i t  d e c r e a s e s  and t h e  hemoglobin 
c o n c e n t r a t i o n  l a  t h e  e r y t h r o c y t e s  d e c r e a s e s .  The s p l e e n  and l i v e r  
b lood  e r y t h r o c y t e  r a t i o  i n c r e a s e d  s i g n i f i c a n t 1 1  No r e t i c u l o -  
c y t o ~ i s  was d i s c l o s e d  ( D i e t l e i n ,  1 9 7 0 )  . 

Approximately t h e  same d a t a  were o b t a i n e d  i n  examina t ions  of 
t h e  Apol lo  a s t r o n a u t s .  Leukocytos l s  was r e v e a l e d ,  acccmpanied by 
a b s o l u t e  n e a t r o p h i l i a  and lynphopenia .  The d e v i a t i o n s  were b r i e f .  
?'he number of  l e u k o c y t e s  arid t h e  l eukocy te  formula r e t u r n e d  t o  t h e  
i n i t i a l  l e v e l  2 4  hour s  a f t e r  t h e  f l i y h t .  I n  t h e  o p i n i o n  o f  Derry 



(1970) ,  t h e  changes deve loped ,  a s  a  r e s u l t  of  an i n c r e a s e  i n  
a d r e n a l i n  and s t e r o i d  c o n c e ~ ~ t r a t i o n s  i n  t h e  b lood ,  a s  a r e a c t i o n  t o  
t h e  stressor e f f e c t s  o f  t h e  f l i g h t .  Concerning t h e  e r y t h r o c y t e s ,  
d i f f e r e n c e s  were r e v e a l e d  i n  exper iments  i n  t h e  Apol lo  s p a c e c r a f t :  
for  crew members o f  Apol lo  7-10 and Apol lo  1 4 ,  t h e  r e d u c t i o n  i n  
e r y t h r o c y t e  mass was n e g l i g i b l e ,  b u t  it was pronounced f o r  t h e  /40? 
Apol lo  9 crew members. (Th i s  i ndex  was n o t  s t u d i e d  d u r i n g  t h e  
f l i g h t s  o f  Apol lo  11 and Apol lo  13 . )  A m u l t i t u d e  o f  hypo theses  
h a s  been proposed ,  a s  t o  t h e  c a u s e s  of  t h i s  phenomenon. A t  t h e  
p r e s e n t  t i m e ,  t h e  ~ o s t  widespread o p i n i o n  i s  t h a t  it is  a t c x i c  
e f f e c t  of  oxygen, a s  a r e s u l t  o f  s t a y i n g  i n  a  100% oxygen atmosphere  
and t.he i n h i b i t i n g  e f f e c t  o f  n i t r o g e n  (L~r i~onaco ,  1969; McCally, 1971,  
and o t h e r s ) .  The l o s s  of e r y t h r o c y t e  mass was t h e  l e a s t ,  d u r i n g  
t h o s e  f l i g h t s ,  when a  s m a l l  a d d i t i o n  o f  n i t r o g e n  (from 3 t o  5 % )  was 
p re se rved  i n  t h e  c a b i n  atmosphere.  An atmosphere  c o n t a i n i n g  100% 
oxygen was main ta ined  i n  t h e  Gemini and  Apol lo  9  s p a c e c r a f t .  I n  t h i s  
c a s e ,  a  c o n s i d e r a b l e  d e c r e a s e  o f  e r y t h r o c y t e  mass of  t h e  crew members 
was d i s c l o s e 3 .  White,  Ber ry  and c o l l e a g u e s  (1971) t h i n k  t h a t  t h i s  
h y p o t h e s i s  w i l l  s ubsequen t ly  be  s u b j e c t  t o  expe r imen ta l  v e r i f i c a t i o n .  
There  a r e  o t h e r  e x p l a n a t i o n s .  TI,us, J e n s e n ,  r e f e r r i n g  t o  t h e  
r e s e a r c h  o f  Hya t t ,  c o n s i d e r s  t h a t ,  i n  t h e  s t a t e  of  rest (physio-  
l o g i c a l  d e a f f e r e n t a t i o n ) ,  t h e  body d e c r e a s e s  t h e  a b i l i t y  t o  form 
e r y t h r o c y t e s .  L a n c a s t e r ,  a g r e e i n g  w i t h  t h i s  s t a t e m e n t ,  a l s o  d o e s  n o t  
deny t h e  t o x i c  e f f e c t  o f  oxygen. I n  o u r  o p i n i o n ,  t h e  h y p o t h e s i s  
of  t h e  t o x i c  e f f e c t  o f  oxygen is more v a l i d .  T h i s  i s  confirmed b y  
t h e  r e s u l t s  o f  t h e  f l i g h t s - o f  S o v i e t  a s t r o n a u t s ,  i n  which an atmos- 
phe re  o f  a i r  a t  normal b a r o m e t r i c  p r e s s u r e  was provided  i n  t h e  
s p a c e c r a f t  c a b i n s .  As a r u l z ,  d u r i n g  t h e  p o s t f l i g h t  examina t ions ,  
no r e d u c t i o n  i n  e r y t h r o c y t e  mass was no ted  i n   the^ (N. M. S i sakyan ,  
V. I. Yazdovskiy, 1962, 1964; V. V. P a r i n ,  e t  e l . ,  1967; Ye.1 Yorob'- 
Yev e t  a i t 1 9 6 7 ,  1970; Yc. C. Nefedov, e t  a l . ,  1972) .  Of c o u r s e ,  
h e r e  t o o ,  t h e  development o f  a d a p t i v e  p r o c e s s e s ,  connec ted  w i t h  Jn 
i n c r e a s e  i n  oxygen c o n t e n t  i n  t h e  environment ,  cannot  be exc luded .  

Some a d d i t i o n a l  bicci .emica1 s t u d i e s  of  t h e  plasma and e r y t h r o -  
c y t e s  were made a f t e r  t h e  f l i g h t  c c  Apol lo  14. A b r i e f  hyper- 
glycemia was r e v e a l e d ,  a s  a  consequence o f  i n c r e a s e d  f o r m t i o r ,  o f  
ca techolamines  and s t e r o i d s ,  a s  a r e s u l t  o f  neuroemot iona l  s t r e s s ,  
and a r e d u c t i o n  i n  serunl c h o l e s t e r o l  and u r i c  a c i d  l e v e l ,  a p p a r e n t l y ,  
h ~ c a u s e  of  ea t inc j  ~ t n u s u a l  food. No o t h e r  b iochemica l  changes were 
n o t e d ,  i n d i c a t i n g  d i s r u p t i o n  o f  t h o  f u n c t i o n  of t1.c I 5 v c . r  o r  o t h e r  
i n t e r n a l  o rgans .  

Concerning t h e  p h y s i o l o y i c a l  mechanisms of changes i n  c e r t a i n  
o t h e r  i n d i c e s  ( a c c e l e r a t i o n  of  ESR,  n e u t r o p h i l i c  l e i ~ k c ~ y t ~ ~ i s  w i t h  
lympho- and e o s i n o p e n i a ,  e t c . )  which f r e q u e n t l y  a r e  found i n  a s t r o -  
n a u t s  (N, M. S i s akyan ,  1565; Ber ry ,  1967, 1970, 1971; N. S .  
h;?lcksnov and c o l l e a g u e s ,  1970; Y e .  N .  Zhuravlev and c o l l e a g u e s ,  
195;;, t hey  a r e  very  c o ~ ~ p l e x .  Some o f  them axe cons ide red  ( A .  M. 
Cer.in, I ,  D. Pes tov ,  1971) t o  be man i f e s t a t - i ons  o f  an i n f l x n t a t o r y  
r e a c t i o n  t o  venous con.gest ion,  impairment of t i s s u e  nmetabclism, and 



t r a u m a t i c  n ~ y o s i t i s  i n  t h e  g e n e r a l  b i o l o g i c a l  stress reac t ion , ,  The 
s t a t e  o f  che hernodynamics under w e i g h t l e s s  c o n d i t i o n s  a l s o  pre- 
dispofies t o  development of  h e n o p h i l i z  r e a c t i o n s  on t h e  p a r t  o f  
bl.ood c o a g u l a b i l i t y .  A dec rease  i n  n m b e r  of  thrombocytes i n  th; 
blood o f  some a s t r o n a u t s  was noted  a f t e r  f l i g h t s  (N. S. Molchanov, 
e t  a l . ,  1970 ,  and o t h e r s ) .  A l l  t h i s  i n d i c a t e s  t h a t ,  under weight- 
less condit!.or,s, a d e f i n i t e  d i r e c t i o n a l  n a t u r e  of  t h e  change of  one 
of the major f l u i d s  of t h e  body, t h e  b lood,  a l s o  i s  observed ,  which 
i n c r e a s e s ,  when t h e  a s t r o n a u t  is in a  100% oxygen environment.  

Changes i n  Ske le ton  and Mineral  
Metabolism 

The dec rease  i n  mechanical f o r c e s  a c t i n g  on t h e  suppor t -  / 402  
motor and ske le tomuscular  a p p a r a t u s  under w e i g h t l e s s  c o n d i t i o n s  
can l e a d  t o  dernfnsra l iza t ion  of  t h e  bones an3  r e d u c t i o n  i n  s t r e n g t h  

i 
and tonus  of  t h e  muscles (S tubbs ,  1970, and o t h e r s )  The e f f e c t  
of w e i g h t l e s s n e s s  on t h e  bone t i s s u e  of  t h e  astsona.t:- was s t u d i e d  
dur ing  G e m h i  and Akollo program f l i g h t s  (Mack, n.:. s i . ,  1966; I l a t t n e r ,  
E"lcMillan, 19: 3; Chemin, 1969; Berry ,  1970; Gran, *,:,- :.*re, 1971, and 
o t h e r s ) .  

TABLE 93 

CHANGE I N  BONE DENSITY I N  SPP-CL FLIGHTS, T?'OM P.n210GRAFIiIC 
DATA ( i n  % of p r e f l i g h t  d a t a )  

Flight dur;d Anatomical I 
lation, day mcalizatiori C ~ m n d e r  i p i l o t  
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During the flights of the Gemini 4, Gemini 5 and Gemini 7 space- 
craft crews, the bone tlssue density was studied, using a narrow 
beam of X-rays. The density of the wrist, finger and heel bones of 
six astronauts were measured for a period of several weeks before 
and after the flight (Table 93). As is evident, the bone tissue 
density of all astronauts decreased. Restoration of bone density to 
the initial value took place over approximately 10 days. Relatively 
small changes were noted in examination of the Gemini 7 crew members. 
The maj-t~ty of the investigators explain this by execution of 
.urposcf*~l prophylactic measures: physical exercises in flight, 
Iccreased consumption of calcium with the food (up to 921-945 mg per 
Yay), etc. 

In subsequent reports of Soviet and investigators, 
the fact of moderate decrease in density of the bone apparatus in 
weightlessness was predominantly confirmed. This was found by Mack 
!1969), Ye. N. Biryukov and I. G. Krasnykh (1970), Berry (1970) and 
others. By radiography, Mack (1969) examine6 the crews of Apollo 7/404 
and Apollo 8. Seven anatomical sections of each of the astronauts 
was studied (Table 94). In the majority of cases, there were more 
significant changes in the bones of the arms than in the bones of 
the legs. Analysis of the material presented by the author established 
the cause of the difference. The decrease in bone tissue density of 
the Apollo 7 crew members was less significant, since they regularly 
engaged in physical training. The beneficial effect of physical 
exercises on the skeletal system under weightless conditions apparently 
c~nsists of "tightening" the muscles attached to the bones, which, 
in turn, stimulates blood circulation in them. The examination data 
of the Apollo 14 crew members was a definite dissonance. The pre- 
flight and the postflight examinations of the left heel bone and 
distal part of the right radii and ulnae by means of adsorption of 
monoenergetic photons did not reveal leaching out of the mineral 
salts from the bone in a 10-day flight. The reason for the disagree- 
ment of these data is not clear (Berry, 1971). Possibly, they are 
connected with procedural peculiarities. In the opinion of Nordin, 
the radiographic metho? of determination of bone tissue density has 
some errors, because of the presence of a layer of soft tissue arourd 
each bone. Moreover, the structure of the bones themselves is 
irregular. In the trabec~lae, for example, only 20% of the tissue 
actually consists of bone, and the remaining 80% consists of soft 
tissue, and this may not be reflected in den~~tometry results. 
Despite this, it seems to us that there is no basis for questioning 
the effectiveness of radiographic studies. A confirmation of this 
is the success of use of this method in both the USA and the USSR, 
as well as the results of study of mineral metabolism, especially 
calcium, which indicate definite changes in the bod>. 



TABLE 94 

CHANGES I N  BONE TISSUE DENSITY ( i n  % of  d a t a ,  ob ta ined  
be fo re  f l i g h t  on crew members of  Apollo 7 and Apollo 8) 

3 

Conventional des igna t ions :  SC s p a c e c r a f t  commander; . .. 
CECS command module p i l o t ;  LMP l u n a r  module p i l o t  

Whedon, Latwak and co l l eagues  (1969) c a r r i e d  o u t  a thorcugh 5 ,  
s tudy  of metabolic  processes  of  t h e  Gemini 7 crew members i n  t h e  ,! 
14-day o r b i t a l  f l i g h t .  Analys is  o f  t h e  f e c a l  masses, p e r s p i r a t i o n  I 

and u r i n e  were c a r r i e d  o u t  f o r  a pe r iod  of  1 0  days b e f o r e  t h e  launch,  
dur ing  t h e  f l i g h t  and f o r  a pe r iod  of  f o u r  days o f  t h e  recovery  
pe r iod  a f t e r  it. With t h e  a s t r o n a u t s  on a s t r i c t l y  measured food /407 
r a t i o n ,  theydetermined t h e  express ion  o f  calcium, magnesium, 
p h o s ~ h o r u s ,  n i t r o g e n ,  sodium, potassium, and a l s o  o f  17-oxycortico- 
s t e r o i d s  (17-OCS), a l d o s t e r o n e  and catecholamines.  The a u t h o r s  p o i n t  
o u t ,  however, t h a t  t h e  procedure f o r  c o l l e c t i o n  o f  m a t e r i a l s  
( e s p e c i a l l y  u r i n e )  w a s  n o t  completely adhered t o  i n  o r b i t a l  f l i g h t ,  
i n  a l l  cases .  Because of  t h e  unusual  s i t u a t i o n ,  t h e r e  were l o s s e s  
of  m a t e r i a l ,  a s  w e l l  a s  e r r o r s  i n  a d d i t i o n  of p r e s e r v a t i v e s .  Th i s  
was allowed f o r  by t h e  i n v e s t i g a t o r s  i n  c a l c u l a t i o n  o f  a l l  t h e  
i n d i c e s .  I t  turned o u t  t h a t  t h e  express ion  of  calcium w i t h  t h e  
u r i n e  o f  a l l  a s t r o n a u t s  d i d  n o t  change s i g n i f i c a n t l y  i n  t h e  f i r s t  
seven days. However, beginning wi th  t h e  8 t h  day, t h e  calcium c o n t e n t  
o f  t h e  u r i n e  of F. Borman c l e a r i y  inc reased  and remained s o  sub- 
sequent ly  (Table 95,  Fig. 125) .  

The u r i n e  phosphate con ten t  inc reased  i n  t h e  f i r s t  n i n e  days, 
b u t  it then  decreased a lmost  t o  t h e  c o n t r o l  va lues .  The f i n a l  
ba lance  cC calcium was n e g a t i v e  f o r  both  a s t r o n a u t s ,  which i s  con- 
nected  w t t h  an i n c r e a s e  i n  e l i m i n a t i o n  o f  it w i t h  t h e  f e c e s  of  t h e  
p i l o t  and wi th  t h e  u r i n e  of t h e  commander. :'he c o n t e n t  o f  n i t rogen  
i n  t h e  u r i n e  oZ both p i l o t s  decreased dur ing  t h e  f l i g h t ,  reaching 
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Fig. 125. Excretion of calcium and phosphates of 
Gemini 7 crew members: 1, preflight; 2, during flight; 
3, postflight; time in days on abscissa 

Fig. 126. Excretion of sodium and chlorides with urine 
of crew members of Gemini 7: designations same as in 
Fig. 125. 



the preflight values by the end of it. Nitrogen consumption with 
the food decreased sharply, and this was the cause of the negative 
nitrogen balance. E1iminatic.n of magnesium and sulfates was similar 
to that of nitrogen. The nature of the potassium metabolism of the 
astronauts differed. Elimination of potassium with the urine of 
the commander decreased at the start of the flight, against a back- 
ground of a noticeable decrease in entry of it with the food. In 
the second half of the flight, elimination of potassium with the 
urine increased. After the flight, potassium excretion decreased, 
and the intake of it with the food increased. Only a little de- 
crease in elimination of potassium with the urine of the pilot was 
observed during the entire flight, as well as a return to normal 
after completion of it. Data on elimination of sodium and chlorides 
with the urine of the astronauts are presented in Fig. 126. 

As is evident, elimination of sodium by F. Born.an was con- 
siderable in the first half of the flight, and that of J. Lovell in 
the second half. 1.1 the postflight period, retention of sodium in 
the bodies of both astronauts was noted. The chloride level 
changed in conformance with this: that of F. Borman decreased in 
the first 10 days of the flight and that of J. Lovell, in the post- 
flight period. 

Data on hormone elimination is of great interest. J. Lovell 
had the highest level of adrenalin and noradrenalin on the launch 
and landing days, i.e., in the greatest "stressor" periods. Ex- 
cretion of catecholamines by F. Borman was approximately the same. 
The level of elimination of 17-oxycorticosteroids was comparatively 
low during the entire orbital flight. That of both astronauts in- 
creased on the day of landing (Fig. 127). The aldosterone level 
in the urine increased during the flight and immediately after 
landing (Fig. 128). The work of Whedon, Lutwak, et al. (1969) was 
essentiaSly the first fundamental research on this problem. The 
data they obtained was subsequently confirmed and refined. Thus, 
in the work of Brodzinski and colleagues (1971), materials on 
mineral metabolism of the Apollo 7-11 crew members was presented. 
Neutron activation analysis of the feces collected during the flight 
aboard the craft, as well as tbe urine, samples of which were taken 
before the flight and after it, and co paring them with data on 
consumption of the elements (from NASAv materials), the authors 
examined the extent of disagreement and possible consequences of /408 
disruption of the mineral balance. The results are presented in 
Table 96. 

8~~~~ -- National Aeronautics and Space Administration. 



Fig. 127. Hormone excretion of Gemini 7 crew members: 
1, preflight; 2, in flight; 3, postflight; 4, noradrenalin; 
5 ,  adrenalin; tine in days on abscissa 

As is evident, the calcium losses per day were 635 mg, which is 
0.0605% of the total calcium content of the body, for a man weighing 
70 kg. The fact thht the elimination rate was greater (990 mg) in 
the first three flights than in the last two (220 mg) attracts 
attention. Elimination of potassium from the body also follows 
approximately the same pattern. On the average of all flights, the 
potassium losses were 296 mg (0.16% of the total potassium content 
of the body). It was higher (668 mg) in the firs* three flights and 
lower (48 mg) in the last two. Concerning iron, it was eliminated in 
approximately the same quantity in all flights (about 6.4 mg per day). 
These changes in mineral metabolism in weightlessness (elimination of 
calcium, sodium, potassium, iron and other elements) are compensated 
for by the body in the postflight period. Study of the electrolytes 
in the urine and plasma after the flights disclosed a tendency toward 
retention of them in the body. Thus, in the urine of the Gemini ~]/409 



Fig. 128. Aldosterone e x c r e t i o n  by Gemini 7 crew 
members: d e s i g n a t i o n s  same a s  i n  Fig .  125 

p i l o t ,  a dec rease  i n  e x c r e t i o n  of  potassium was noted i n  f l i g h t ,  and 
it was maintained f o r  24 hours a f t e r  t h e  f l i g n t .  The c o r r e c t n e s s  of  
t h e  hypothes is  of a dec rease  ' n  t o t a l  potassium c o n t e n t  i n  t h e  body 
was completely confirmed i n  43K s t u d i e s  i n  t h e  Apollo 1 3  and Apollo 1 4  
s p a c e c r a f t .  Gamma spectrometry demonstrated a cons ide rab le  dec rease  
i n  t o t a l  potassium con ten t  i n  t h e  body, and it w ~ s  maintained. by t h e  
Apollo 1 4  s p a c e c r a f t  crew f o r  a pe r iod  of 17 days a f t e r  t h e  f l i g h t  
(Berry,  1971).  The same t h i n g  was d i s c l o s e d  i n  examination of t h e  
Apollo 15  crew. Apparently,  sodium r e t e n t i o n  r e f l e c t s  a tendency 
towards r e t u r n  t o  normal o f  t h e  w a t e r - s z l t  equ i l ib r ium,  and pot as sir,^, 
r e t e n t i o n  is expla ined by rriuscle p r o t e i n  recovery processes .  

The c o n t e n t  of e l e c t r o l y t e s  i n  t h e  u r i n e  is 2 t y p i c a l  consequencc. 
of  t h e  e f f e c t  of  space  f 1 -' i t  on t h e  human body (Fig. 129) .  The 
same t h i n g  was confirmed ~y a n a l y s i s  o f  t h e  chemical composition of 
t h e  u r i n e  ~f o t h e r  Apollo crew r~embers. 

 investigator^ a r e  g i v i n g  s u f f i c i e n t  a t t e n t i o n  t o  a n a l y s i s  of 
t h e  a f t e r e f f e c t s ,  which can set i n  i n  t h e  body, wi th  extreme el imina-  
t i o n  of one substhnce o r  another .  Thus, i n  t h e  opinion of Dick 
(1966),  and of Brodzinski  and c o l l e a g u e s  (1971),  t h e  l o s s  of calcium 
i n  t h e  q u a n t i t i e s  recorded dur ing  t h e  f l i g h t s  of Apollo 10 and 
Apollo 11, a s  w e l l  a s  dur ing  we igh t l e s sness  s imula t ion  experiments ,  
may be permiss ib le  f o r  a pe r iod  of s e v e r a i  yea r s .  Another p o i n t  o f  
view i s  h e l d  by L. I. Kakurin and Y e .  N. Biryukov ( 1 9 6 6 ) .  They 
t h i n k  h a t  t h e  l o s s  of calcium, which 5as a h igh physiological.  
a c t i v i t y ,  may l e a d  t o  a number of f u n c t i o n a l  d i s o r d e r s  of t h e  ca rd io -  
vascu la r  system, t h e  blood c o a g u l a b i l i t y  fw .c t ions ,  etc. El iminat ion  
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Days before Flight  Days after Flight 

Fig. 129. E l e c t r o l y t e  c o n t e n t  ir, u r i n e  of  command 
module p i l o t  of Apollo 1 4  b e f o r e  and a f t e r  f l i g h t :  
1, sodium con ten t ;  2 ,  potassium con ten t ;  3 ,  c h l o r i d e  
con ten t  

of  calcium from t h e  body under w e i g h t l e s s  c o n d i t i o n s ,  according t o  /410 
t h e  g e n e r a l  opinj-on, i s  exp la ined  by an i n s u f f i c i e n t  load  on t h e  
s k e l e t a l  muscles and removal of  t h e  weight load.  Y e .  N. Biryukov and 
I. G. Krasnykh (1970),  i n  a d d i t i o n  t o  t h e s e  reasons ,  i n d i c a t e  c e r t a i n  
o t h e r  mechanisms of  r e g u l a t i o n  of t h e  calcium metabolism, hormonal 
i n  p a r t i c u l a r .  Poss ib ly ,  calcium i o n s  a r e  mobil ized from t h e  bone 
c a t i o n  depot ,  t o  e l i m i n a t e  t h e  e l e c t r o l y t e  imbalance, a r i s i n g  under 
w e i g h t l e s s  cond i t ions .  Berry (1971),  suppor t ing  Y e .  N. Biryukov and 
I. G. Krasnykh, emphasizes t h e  n e c e s s i t y  f o r  s tudy of t h e  para- 
thyro id  hormone and c a l c i t o n i n  c o n t e n t  i n  subsequent  f l i g h t s ,  f o r  
t h e  purpose of p r e c i s e l y  d e f i n i n g  t h e  mechanisms of l each ing  o u t  o f  
n i n e r a l  s a l t s  from t h e  bones. 

Much remains obscure  about  e l i m i n a t i o n  o f  t h e  e l e c t r o l y t e s ,  
sodium and potassium. From f a r  from complete d a t a  of  Whedon and 
Lutwak (1970) and Brodzinski  and co l l eagues  (197'1), t h e  l o s s e s  of 
t h e s e  elements  a r e  n e g l i g i b l e .  However, t h e r e  obviously is no b a s i s  
f o r  reassurance  i n  t h i s  c a s e ,  e s p e c i a l l y  i f  t h e  r o l e  o f  t h e s e  
subs tances  i n  normal func t ion ing  o f  t h e  c e n t r a l  nervous system, i n  
r e g u l a t i o n  of t h e  osmotic p r e s s u r e  and i n  t r a n s p o r t  of a  number c f  
major subs tances  through t h e  c e l l  membrane i s  remembered. The i t o n  
balance  i s  very impor tant  f o r  p r e s e r v a t i o n  of t h e  v i t a l  a c t i v i t i e s  
of t h e  body. A s  is  e v i d e n t  from what has  been ~ t a t e d  above, t h e  
r a t e  of e l i m i n a t i o n  of t h i s  subs tance  does n o t  depend on f l i g h t  
l eng th ,  and it i s  q u i t e  s i g n i f i c a n t .  I n  t h e  opinion of  Brodzinski  
and co l l eagues  (1971),  development of  an anemic c o n d i t i o n  i n  t h e  

t a s t r o n a u t s  is  p o s s i b l e  i n  long f l i g h t s .  The cause  of t h e  i n t e n s i v e  
e 



elimination of iron is not clear. One possible cause is the oxygen- 
rich atmosphere of the spacecraft cabin. In this case, the iron of 
healthy and disintegrating erythrocytes is removed from the body. 
Moreover, it is not excluded that such a large loss is caused by 
hemorrhage, the possibility of which is created by administraticn of 
radioactive chromium to the astronauts in the preflight perioci 
(Brodzinski, et al., 1971). 

As is evident, very many problems are still far from a final /411 
solution. Additional studies are necessary, both in flight experiments 
and under laboratory conditions. 

Performance Capacity of Astronauts 
i 

In a11 space experiments, questions of performance capacity have 
been the subject of the steady attention of investigators. A set of 
indices has been studied here, which included: a) psychosensory 
reactions of the subjects; b) movement and orientation under conditions 
of changed effects of gravitation; c) specific analysis of performance 
of flight programs, first and foremost, during extravehicular activity 
in space and on the surface of the moon; d) change in performance 
capacity of astronauts in the postflight period, which have been 
studied, using various tests. 4 '  

$ t 
The ~noet valuable information on the psychosensory reactions of 

astronauts has been obtained from their reports. It was noted, as 
early as the first space flights in the Mercury and Gemini programs, 
that a sense of "discomfort" developed in the state of weightlessness, 
connected with the absence of the pressure of the back arid seat of 
the chair cn the body of a man. Sometkmlng like this was experienced 
by the crew members of Apollo 7-11. They felt the absence of the 
weight of various objects and clothing (Berry, 1970) . The mechanisms 
of such phenomena apparently depend on change in the kinetic sen- 
sations, as a consequence of removal of the stimulation of the tactile 
mechanoreceptors, normal for earth conditions. In more pronounced 
cases, the astronauts complained of pain in the legs and lower part 
of the back (Berry, 1971). The causes of these pains still are not 
clear, but It can be suggested that they are due to the unusual 
posture, which the astronauts assumed while sleeping (the fetal 
position), as a consequence of which the kinetic sensations changed. 

The majority of the American astronauts participating in the 
Gemini and Apollo flight&, besides this, noted the feeling of heavi- 
ness of the head., during the transition from 3-forces to the state 
of weightlessness, similar to that, which arises on earth in a man 
hanging head down. The phenomenon was temporary, and it had no 
effect on the spatial orientation of the astronauts (Berry, 1970, 1971). 
The explanations of these phenomena are quite contradictory. Some 
specialists consider them to be a consequence of redifitribution of 
the blood, rushing to the head (Berry, 1971, and others) and others, 
by disruption of the systematic work of the analyzers reflecting 

4 6 1  



space,  a s  a  consequence of  changes i n  a f f e r e n t a t i o n  from a l l  mechano- 
r e c e p t o r s ,  p r i m a r i l y  o f  t h e  o t o l i t h  p o r t i o n  of t h e  v e s t i b u l a r  
appara tus  (M. D. Yemyeltyanov, Ye. M. Yuganov, 1962; G. L. Komendantov, 
V. I. Kopanev, 1962; M. D. Yemyel'yanov, 1966; 0. G. Gazenko, A. A. 
Gyurdzhian, 1967; Graybie l ,  1968).  Both p o i n t s  of view apparen t ld*  
a r e  v a l i d  t o  a  c e r t a i n  e x t e n t ;  however, t h e  second has  some a d v c ~ : ~ ~ . . ~ ~ ~  - .  
I n  t h e i r  r e p o r t s ,  t h e  a s t r o n a u t s  noted t h a t  t h e  i l l u s i o n s  a r e  . ' .teensi-, 
f i e d  by r a p i d  movements of  t h e  head and t h a t  t h e y  a r e  analogouti t o  
t h e  s e n s a t i o n s  a r i s i n g  dur ing  t h e  a c t i o n  o f  C o r i o l i s  f o r c e s  (N. M. 
Sisakyan, V. I. Yazdovskiy, 1962; N. S. Molchanov, e t  a l . ,  1970).  

I n  a number o f  c a s e s ,  t h e  a s t r o n a u t s  who had t h e  i l l u s o r y  sen- 
s a t i o n s  i n  f l i g h t  developed t h e  space form of  motionsickness.  Thus, 
dur ing  t h e  f l i g h t  of  Apollo 8,  F. Borman f e l t  nausea and pain  i n  t h e  
stomach. H e  began t o  have d i a r r h e a .  The o t h e r  crew members ex- /412 
perienced some poor h e a l t h .  The a s t r o n a u t s  f e l t  b e t t e r  a f t e r  t a k i n g  
a motionsickness t a b l e t .  The major i ty  of s p e c i a l i s t s  have concluded 
t h a t  motionsickness i s  caused by mani fes ta t ion  o f  t h e  s i d e  e f f e c t s  of 
s o p o r f i c s ,  combined w i t h  r e a c t i o n s  t o  t o o  abrupt  movements of  t h e  
head cnd t runk ,  dur ing  t h e  f i r s t  hours  of  weight lessness .  Ast roneut  
R. Schweickart (Apollo 9 )  had motionsickness.  While p u t t i n g  on t h e  
s p a c e s u i t  before  e n t e r i n g  t h e  l u n a r  module, he had an a t t a c k  of  
vomiting, which was repea ted  s e v e r a l  hours  l a t e r .  According t o  t h e  
d a t a  of  Berry (1971),  o f  27 a s t r o n a u t s  i n  t h e  Apollo progrm., 6 had 
unpleasant  s e n s a t i o n s  i n  t h e  stomach and 2 ,  nausea and vomiting. 
Although t h e r e  a r e  no d i r e c t  i n d i c a t i o n s  of  motionsickness o f  o t h e r  
a s t r o n a u t s ,  t h e  Gemini and Apollo crew members, t h e r e  a r e  i n d i r e c t  
d a t a  t h a t  e x c i t a b i l i t y  of  t h e  v e s t i b u l a r  c e n t e r s  was e leva ted :  a f t e x  
t h e  landing of t h e  Gemini 3 crew, both a s t r o n a u t s  exper ienced d i z z i -  
ness ,  and V. Grissom was n a ~ s e a t e d ;  a l though t h e  a s t r o n a u t s  f l y i n g  
i n  Apollo 10 d id  n o t  complain of  motion s i c k n e s s ,  f o r  some reason,  
they took "Lomotil" t a b l e t s  ( d i p h e n o x y l ~ t e  hydrochlor ide)  t o  q u i e t  
stomach pa ins ,  and t h e  c o n t e n t s  of  one of t h e  f e c e s  bags was s i m i l a r  
i n  odor  t o  vomit, wi th  pH equa l  2 ( D i e t l e i n ,  1970).  Astronaut  
J. Irwin (Apollo 15)  experienced d iscomfor t  i n  t h e  f i r s t  t h r e e  days 
of t h e  f l i g h t :  heaviness  o f  t h e  head and stomach. IL seemed t o  him 
t h a t  nausea and vomiting could  develop wi th  c o n t i n u a t i o n  of  f a s t  
movements. In  t h e  words of  J. I rwin ,  f o r  a  pe r iod  of f i v e  days 
a f t e r  t h e  f l i g h t ,  t h e  £kc l ing  of  t h e  head being thrown aqproximately 
30' d i d  n o t  pass.  

From what has been repor ted  above, it is e v i d e n t  t h a t  t h e  problem 
of motionsickness i s  urgent  f o r  s p e c i a l i s t s  i n  t h e  f i e l d  of space 
medicine, both i n  t h e  USA and i n  t h e  Sov ie t  Union ( G .  L. 1413 
Komendantov- V. I. Kcpanev, 1962; Ye. M. Yuganov, 1965; Graybie l ,  
1968, 1971; Johnson, 1971, and o t h e r s ) .  According t o  r e p o r t s  of  
Lawrence (1971),  t h e  underest imation of t h i s  problem, which occurred  
e a r l i e r  among s p e c i a l i s t s  and American a s t r o n a u t s ,  does not  e x i s t  now. 
The causes  of development of  motionsickness have been revealed  ( g r e a t  
freedom of  movement of  t h e  head and t runk i n  f l i g h t ) ,  and t h e  a s t r o -  



n a u t s  have understood t h e  n e c e s s i t y  f o r  p r e f l i g h t  v e s t i b u l a r  t r a i n i n g .  
The problem of  m o t i o n s i c k n ~ s s  i s  becoming s t i l l  more urgen t ,  wi th  t h e  
time when s c i e n t i s t s ,  t h e  s t a t i c - k i n e t i c  s t a b i l i t y  o f  whom is  lower, 
on t ~ e  average,  o f  course ,  than  t h a t  o f  f l i g h t  p r o f e s s i o n a l s ,  w i l l  
p a r t  - c i p a t e  i n  f l i g h t s .  

The phys io log ica l  mechanisms of  development o f  space s i c k n e s s  
a r e  q u i t e  complicated. There is an opinion t h a t  t h e  r e c i p r o c a l  
i n t e r a c t i o n s  between t h e  r e c e p t o r  formations of  t h e  o t o l i t h s  and semi- 
c i r c u l a r  c a n a l s  change under we igh t l e s s  c o n d i t i o n s  (K.  L. Khilov, 
1969, and o t h e r s ) .  Deaf fe ren ta t ion  of t h e  o t o l i t h  appara tus  promotes 
t h e  r e l e a s e  of  r e f l e x e s  from t h e  s e m i c i r c u l a r  c a n a l s  and i n c r e a s e s  
t h e i r  s e n s i t i v i t y  t o  angu la r  a c c e l e r a t i o n s .  A s  Miiler and co l l eagues  
(1969) and 1. A. Kolosov, 1969) have determined,  movement of t h e  head 
i n  b r i e f  we igh t l e s sness  l e a d s  more o f t e n  development o f  v e g e t a t i v e  
syndromes, than  under cond i t ions  of e a r t h  q r a v i t a t i o n .  Wonder 
t i965) in t roduced t h e  hypothes is  t h a t  nausea may be provoked by t h e  
unusual d i s t r i b u t i o n  of gases  and f l u i d s  i n  d i f f e r e n t  p a r t s  of t h e  
g a s t r o i n t e ~  ~ i n a l  t r a c t .  G. L. itomendantov and V. I. Kopanev (1962) ,  
V. V. Barc,.~vskiy and co l l eagues  (1962) , I. D. Pestov (1965) and 
o t h e r  i n v e s t i g a t o r s  have developed a r e f l e x  theory ,  according t o  
which d i s r u p t i o n s  of t h e  a f f e r e n t  e f f e c t s  from t h e  m e c h a n o r e ~ e p t o r s ~  
providing f o r  s p a t i a l  a n a l y s i s  and pe rcep t ion  o f  g r a v i t a t i o n a l  e f f e c t s  
a r e  t h e  b a s i s  of space s i ckness .  

Of i n t e r e s t  a l s o  i s  a  r e p o r t  of Berry (197- 1 ,  on t h e  char- /414 
a c t e r i s t i c s  of t h e  f e e l i n g  o f  hunger under we igh- less  condi t iona .  
There a r e  analogous t o  t h e  s e n s a t i o n s  a r i s i n g  under e a r t h  c o n d i t i o r  
b u t  they  have appeared more r a r e l y ,  a l though t h e  a s t r o n a u t s  have e ' t  
less food. The Gemini 4 crew members having a  d e f i c i t  each day of 
e s s e n t i a l l y  500-700 k c a l  (normal 2500-2600 k c a l ) ,  d i d  n o t  exper ience  
hunser  i n  f l i g h t ;  they  were very hungry a f t e r  t h e  f l i g h t .  The 
members of one crew repor ted  t h a t  t h e  normal amount of food and dr ink  
hindered t h e i r  use of a  stomach "expander." Weightless  c o n d i t i o n s  
apparen t ly  had an e f f e c t  on t h e  receptox appara tus  of t h e  i n t e r o -  
c e p t i v e  ana lyze r ,  t o  a  d e f i n i t e  e x t e n t .  

Much a t t e n t i o n  has been given by t h e  a s t r o n a u t s  t o  t h e  f u n c t i o n  
of v i s i o ~ r .  Sub jec t ive ly ,  t h e  a s t r o n a u t s  have n o t  noted ~ i g n i ~ i c a n t  
changes. According t o  t h e i r  d a t a ,  v i s u a l  a c u i t y  even inc reased ,  i n  
a number of cases.  They e a s i l y  d i s t i n g u i s h e d  graund r e f e r e n c e  p o i n t s :  
r i v e r s ,  l a k e s ,  roads ,  c i t ies ,  motor v e h i c l e s  and groups o f  people,  
they  d e t e c t e d  rocke t  launches and they  could d e t e c t  t h e  main s t r e e t s  
a t  n i g h t ;  they  saw t h e  wakes of  moving s h i p s  i n  t h e  wa te r ,  a t  a 
d i s t a n c e  of 800-1000 km, and s i g n a l  smoke, a t  a d i s t a n c e  o f  640 k ~ i  
(Cooper, 1963; O'Lone, 1965; Gerry, 1970, 1971, and o t h e r s ) .  

A number of  hypotheses have been expressed a s  t o  t h e  psycho- 
phys io log ica l  mechanisms of t h i s  phenomenon. A .  A .  Leonov and V.  I. 
Lebedov (1971) considered t h a t  an i l l u s o r y  sense of  r ecogn i t ion  
developed i n  t h e  a s t r o n a u t s ,  because of  euphor ia ,  fo l lowing t h e  



decreased p u l s a t i o n s  from t h e  g r a v i r e c e p t o r s  and p r o p r i o r e c e p t o r s  i n  
weight lessness .  I n  t h e  opinion of  W. White (1965),  t h e  i n c r e a s e  i n  
v i s u a l  s e n s i t i v i t y  i n  we igh t l e s sness  is caused by quickening of t h e  
phys io log ica l  tremor o f  t h e  e y e b a l l s .  The sugges t ion  of Yu. P. 
Pe t rov  (1969) is  most probable;  it is  t l - a t  t h e  high v i s u a l  reso1vir.y 
power of  t h e  a s t r o n a u t s  may be caused by en i n i t i a l  s i g n i f i c a n t  
v i s u a l  a c u i t y  and d i sc r imina t ion  o f  o b j e c t s  by secondary s i g n s ,  i . e . ,  
"conjec ture"  o f  t h e  o b j e c t s  took p lace .  For example, i n  d i s t i n g u i s h -  
i n g  a wake of  a s h i p  i n  t h e  open s e a ,  i n  t h e  form of  an a c u t e  ang le ,  
t h e  a s t r o n a u t  saw t h e  sh ip .  

I n  a l l  t h e i r  r e p o r t s ,  t h e  a s t r o n a u t s ,  a s  a r u l e ,  nent ioned t h e  
wide range of c o l o r s ,  which they  observed i n  examining ground o b j e c t s  
and t h e  sky. However, t h e r e  a r e  c e r t a i n  d i f f e r e n c e s  i~ t h e  desc r ip -  
t i o n s .  Thus, t h e  Apollo 10 crew members saw t h e  s u r f a c e  o f  t h e  moop 
a s  precominantly a brown c o l o r ,  and F. Borman, t h e  Apollo El space- 
c r a f t  commander, a s s e r t e d  t h a t  it was g ray ,  etc. Thus, pe rcep t ion  
of  c o l o r  i n  space  and on e a r t h  i s  an ambiguous process .  Understand- 
i n g  t h e  mechanisms of  it r e q u i r e s  f u r t h e r  s tudy  and, i n  a l l  l i k e l i h o o d ,  
it i t l  connected, n o t  only  with s i n g u l a r i t i e s  of t l ~  physiology o: 
v i s i o n ,  b u t  wi th  t h e  o b j e c t s  themselves and t h e  c ~ n d i t i o n s  of t h e i r  
i l l u m i n a t i o n  a t  t h e  moment of observat ion .  

d 

The c la im of  t h e  a s t r o n a u t s ,  t h a t  t h e y  observed = lashes  of  l i g h t  J 

(bands, p o i n t s )  i n  f l i g h t ,  with a frequency o f  one f l a s h  i n  two I 
minutes,  both wi th  t h e  eyes  opened and c l o s e d ,  i s  i n t e r e s t i n g .  There 
a r e  no d a t a  t h a t  t h e  f l a s h e s  a r e  caused by t h e  e f f e c t  of  weight less-  
ness.  The mechanism of  t h i s  phenosr.enon i s  s t i l l  no t  c l e a r .  However, 
i n v e s t i g a t o r s  a r e  more incZlned t o  t h i n k  t h a t  t h e  f l a s h e s  (photopsy) 
a r e  caused by e x t e r n a l  sources  o f  r a d i a t i o n ,  apparen t ly  of cosmic 
o r i g i n  (White, Berry, e t  a.l., 1971).  

During t h e  Gemini and Apollo f l i g h t s ,  d a t a  a l s o  were ob ta ined  on 
t h e  qua14 ty  o f  movement of  t h e  a s t r o n a u t s ,  under changed g r a v i t a t i o n a l  
condi t iorA4.  It turned o u t  t h a t  movement i n  w e i g h t l e s s r e s s  i s  
determined by e x t e r n a l  cond i t ions ,  t o  a g r e a t  e x l e n t .  They a r e  
f a c i l i t a t e d ,  i f  they  a r e  performed i n  a p l a c e  of l i m i t e d  space ,  f o r  
exarr.ple, i n  a s p a c e c r a f t  cabin .  Great  e f f o r t s  a r e  n o t  r equ i red  f o r  
such movements; f r e q u e n t l y ,  they  a r e  s i m i l a r  t o  swinming motions. (415 
Turns i n  any p lane  a l s o  a r e  executed wi thout  d i f f i c u l t y .  The poss i -  
b i l i t y  of  an a s t r o n a u t  c o l l i d i n g  wi th  t h e  w a l l s  of  t h e  cabin  i n c r e a s e s  
t h e  p r e c i s i o n  of  t h e  moticn. Berry (1971) spoke o u t  on t h e  n e c e s s i t y  
f o r  t ak ing  t h e s e  circumstances i n t o  c o n s i d e r a t i o n t  i n  s e l e c t i o n  o f  
t h e  optimum s p a c e c r a f t  cabin  dimensions. Movemt.nts became more 
d i f f i c u l t ,  when t h e  a s t r o n a u t s  performed e x t r a v e h i c u l a r  a c t i v i t y .  
A f t e r  t h e  e x t r a v e h i c u l a r  a c t i v i t i e s  of  t h e  a s t r o n a u t s  making t h e  
Gemini 9 ,  Gemini 10 and Gemini 11 f l i g h t s ,  j . c  became c l e a r  t h a t  they  
used much energy i n  hold ing t h e  body i n  a ~ p e c i f i c  2 o s i t j o n .  The 
thought  a r o s e  of t h e  n e c e s s i t y  of some method of  secur ing  onese l f  and 
t h e  t o o l s  t o  t h e  workplace. This  was taken i n t o  account subsequent ly ,  



in preparing for the Gemini 12 and Apollo flights. As was pointed 
out above, the American astronauts also used hand jet devices, for 
movement under weightless conditions. Experience demonstrated that 
they are effective, but that they still need technical improvements. 

Data on novement on the surface of the moon are interesting. 
F.  Aldrin (Apollo 14 spacecraft co:nmander) tried various methods, 
in particular, the nkangaroo jump," with the legs pressed together. 
In this case, ft was difficult for him to maintain equilibrium, so 
as not to fall forward. The most expedient method turned out to be 
normal walking. C. Conrad and A. Bean (Apcllc 121 also mved easily 
over the surface, despite the dust, azd they frequmtly resorted to 
jumps, up to 1.2 n long ("giraffe running, " in slow motion) . This 
nethod uf Rovement was used most often by the Apollo 15-Apollo 17 
crew members. 

The opinion was expressed before the first space flights that 
there would be disorientation phenomena in weightlessness. Accord- 
ing to the data of American invedtigators, the apprehension proved 
to be vain (Berry, 1971). They did not exist in the spacecrcft 
cabins or in extravehicular activity in space or on the lunar surface. 
In evaluating this phenomsnon, nevertheless, it should be kept in 
niind that three astronauts flying in the Apollo program had illusions 
of the upside-down position in space. It turned out that the Gcmini 4 
crew members noted th3t they made four- fivefold errors in visual 
estimation of distances, during approach to a target. The same 
thing was revealed on the surface of the moon. The absence of a 
reference point and the change in the relief image, depending on 
sun height, seriously hampered distance determination. From the 
data of the Apollo 7 crew members, it did not appear to be possible 
to use the horizon of the earth as a reference line during orientation 
in space. All this undoubtedly will hamper spatial orientation of 
mar under unusual space flight conditions. 

Thus, the astronauts experienced a number of inconveniences 
under weightless conditions, which showed up in their psychosensory 
sensations, on the natv-re of orientation in space and movement in 
it. All this certainly could not fail to be reflected on the 
performance level. This is clear f r ~ m  analysis of execution of the 
flight experiment program, especially during extravehicular activity 
of the astroneuts, durilig the operation of approach and dockin9 of 
satel1.it.e~ with space targets, in carrying out the program of 
scientific  experiment.^ and during the lunar surface extravehicular 
activities. 

The data of Table 97 confirm thst all Gemini crew members basically 
acc~mplished all tasks during extravehicular activity. The activities 
of the astronauts outsjde the craft were more and mcre complicated, 
and i h e  stay tjme jncreased. They worked with motion-picture /417 - 



TABLE 97 

DATA ON EXTRAVEHICULAR ACTIVITY OF GEMINI CREW MEMBERS AND 
PEkF'ORMANCE OF WORK UNDER THESE CONDITIONS 

- -- . . 

.Pace-- craft Primary operations Some characteristics 

ing EVA space, performed of activity and 

! I min reasons for non er- 
I formance o f  tasRs 

I [ 
I 

Gemini 4 j~.White ' 20 
I 

I 
1 Installation of I~id not lose orien- 
i motion-picture cam-jtation during stay 1 era on hull of 1 outside satellite. 
i satellite, movemcntlMade recommendations 
i in space using hand/ on improvement in 
i jet device, photog-( securing small objects 

12 5 

38 

I1 9 E. 
Cernan 

I 
1 

I 

i raphy 
! 
! Installation of 
/ motian-picture cam- 

466 

18 10 

-# 
2 

needed in work to 
workplace 
Experiment on move- 
ment in space using 

M. 
Collins 

era and mirror on AM1 unit not per- 
hull, removal of I formed, because of 
holder from meteor 
particle traps, 
movement along bul1,of 
maneuvering with 
tether, test of jet 
unit for movement 

' (35 individual I operations) and its 
I connection to 
I 
suit. 

I 
I 

Maneuvering by means 
of jet device, 
photography, removal 
of holders with 
meteorparticles iron 
Agena-D satellite 
rocket 

misting of helmet 
window, deterioration 

radiocommunications 
with craft and de- 
fect in unit. Move- 
ment along the hull 
of satellite in space 
assisted by facing of 

space-"velcro" adhesive 
material. In opinion 
of astronaut, execu- 
tion of operation 
required 4-5 times 
greater force than on 
earth. Heat libera- 
tion (250-500 kcal/ 
hr) considerably 
exceeded calculated 
data. 
Duration of EVA re- 
duced, because of 
overconsumption of 
fuel In spacecraft 
stabilization system. 
It was difficult tc 
move in space without 
handhold or other . M Q Y ~ - -  by 



TABLE 97, cont ied 

reasons for non-per- 
formance of tasks 

Gemini 11 

p u l l i n g  on t e t h e r  more 
d i f f i c u l t  t h a n  by 
means o f  jet  device .  I 

IF- 44  Connected s a t e l l i t  Ex t raveh icu la r  a c t i v i t y  
Gordon ' a n d  Agena-D r o c k e t  shor tened,  because o f  / w i t h  30 m cab le ,  heavy sweating. 

: removal of  c o n t a i r -  
4 
f 

/ er w i t h  nuc lea r  r 
i 1 emulsion from hu l l . /  

E. 130 I Connection of sa teWFor  s e c u r i n g  a s t r o -  
Aldr in  1 l i t e  and r o c k e t  1 n a u t  t o  workplace, 

w i t h  c a b l e ,  i n s t a l 4  used nblocksn fcr 
l a t i o n  of ho lde r  , feet, a s  w e l l  a s  loops  
w i t h  t r a p s ,  reload-! and hooks; for  move- 

/ 
i 

1 
I 

% 

i n g  o f  motion- ! ment , s p e c i a l  "trowels, 
p i c t u r e  camera, i glued  t o  "ve lc ron  on . ., 

o p e r a t i o n s  i n  "word s a t e l l i t e  h u l l .  
a r e a s n :  a )  removal 
of  t a p e s  of v a r i o u  I ,  

l e n g t h s ,  made of  I "ve lc ro"  adhes ive  
m a t e r i a l ,  from 
s a t e l l i t e  h u l l  and 
s t i c k i n g  it on 
again ;  b) c a s t i n g  
c a b l e  on g rapp les  
of  va r ious  s i z e s ;  
c )  disconnec t ing  
and connect ing 
electrical p lugs  
and p i p e s ;  d)  cut.- 
t i n g  mul t ip le -  
s t r a n d  c a b l e  w i t h  
scissors; e)  un- 
screwing and t i g h t -  
ening 2 b o l t s  w i t h  
wrench. 

I 



cameras, m e t e o r p a r t i c l e  t r a p s ,  they  maneuvered w i t h  t h e  t e t h e r  and 
t h e  jet device ,  they  connected t h e  s a t e l l i t e  t o  t h e  Agena r o c k e t  
wi th  a cab le ,  etc. Ia a l l  t h e s e  o p e r a t i o n s ,  t h e r e  were no s i g n i f i c a n t  
changes i n  t h e  v i t a l l y  impor tant  systems,  a l though t h e  p u l s e  and 
r e s p i r a t i o n ,  as was d i scussed  above, f l u c t u a t e d  w i t h i n  cons ide rab le  
l i m i t s .  A t  i n d l v i d u a l  s t a g e s ,  t h e  quickening o f  the p u l s e ,  a s  w e l l  
a s  t h e  energy consumption, were s i g n i f i c a n t  (up t o  860 kcal /hour) .  
A s  a  r e s u l t ,  abundant p e r s p i r a t i o n ,  excess ive  accumulation o f  h e a t  
and f a t i g - l e  phenomena were noted (Berry, 1969, 1970, 1971; C h a t e l i e r ,  
e t  a l . ,  1969, and o t h e r s ) .  It tu rned  o u t  t h a t  cons ide rab ly  more 
e f f o r t  was requ i red  t o  perform var ious  o p e r a t i o n s  i n  space,  than  was 
assumed, on t h e  b a s i s  o f  t h e  r e s u l t s  o f  ground experiments.  I n  t h e  
cp in ion  o f  Wagner (1971),  twice t h e  t i m e  under e a r t h  c o n d i t i o n s  is 
s p e n t  i n  performing test t a s k s  i n  space. The main cause  of  t h e  h igh  
energy l o s s e s  is  t h e  n e c e s s i t y  f o r  ho ld ing  t h e  body i n  space. 

A complicat ion o f  t h e  t a s k  o f  o r b i t a l  f l i g h t s ,  mainly, /218 
approaching o t h e r  c r a f t  o r  r o c k e t s ,  docking wi th  them, t r a n s f e r r i n g  
t o  o t h e r  o r b i t s ,  a l l  ccns ide rab ly  complicated t h e  o p e r a t o r - d u t i e s  of  
t h e  crew members. Never the less ,  t h e  Gemini crew members handled t h e s e  
t ? ~ s k s ,  on t h e  whole (Table 98) .  I n  a n a l y s i s  of t h e  d a t a ,  it is  
ev iden t  t h a t  t h e  experiments  were n o t  performed i n  t h e  Gemini 5- 
Gemini 9 s p a c e c r a f t ,  f o r  t e c h n i c a l  reasons .  

A l a r g e  number o f  s c i e n t i f i c  experiments  was c h a r a c t e r i s t i c  o f  
t h e  Gemini program: biomedical  ( 9 ) ,  phys ica l - t echn ica l  (64)  and 
mi l i t a ry -app l i ed  (16) .  A p o r t i o n  of  t h e  experiments was n:: performed 
by t h e  a s t r o n a u t s ,  b u t ,  a s  t h e  a n a l y s i s  showed, n o t  because of  de- 
c r e a s e  i n  performance c a p a c i t y ,  b u t  f o r  o t h e r  reasons  ( f a i l u r e  o f  
procedure,  inconvenience of l a b o r a t o r y  equipment, d e f i c i e n c y  i n  re- 
s e a r c h  program, e tc .) .  

I n  a n a l y s i s  of t h e  Apollo program, t h e  f a c t  t h a t  t h e  as txonau t s  
performed a l l  t a s k s ,  dur ing  t h e i r  e x t r a v e h i c u l a r  a c t i v i t y  and i n  
t r a n s f e r r i n g  t o  t h e  l u n a r  module and back (with one e x c e p t i o n ) ,  a l s o  
a t t r a c t s  a t t e n t i o n .  Only i n  t h e  f l i g h t  of  Apollo 9 ,  R. Schweick- /419 
a r t  could n o t  completely accomplish t h e  e x t r a v e h i c u l a r  a c t i v i t y ,  
because o f  symptoms of  i n c i p i e n t  motionsickness.  

I n  e v a l u a t i n g  performance c a p a c i t y ,  t h e  d a t a  on t h e  a c t i v i t y  of 
t h e  a s t r o n a u t s  on t h e  s u r f a c e  of  t h e  moon is  of  s p e c i a l  i n t e r e s t .  
A s  is w e l l  known, N. Armstrong, then  E. A ldr in ,  f i r s t  set f o o t  on t h e  
s u r f a c e  of t h e  moon, a t  2  hours  56 min 20 sec, 21 J u l y  1969. For a 
pe r iod  of  2 hours  10  min, t h e  a s t r o n a u t s  performed a g r e a t  amount of 
work, i n s t a l l i n g  a  t e l e v i s i o n  camera, r e f l e c t o r s ,  seismometers on 
t h e  s u r f a c e  of t h e  moon, deploying meteor t r a p s ,  c o l l e c t i n g  l u n a r  
s o i l  samples,  t e s t i n g  va r ious  methods of  moving on t h e  moon and a 
number of  o t h e r  opera t ions .  A s  was pointed  o u t  above, t h e  n a t u r e  of  
change i n  t h e  phys io log ica l  i n d i c e s  was q u i t e  adequate t o  t h e  unusuel 
cond i t ions .  Beside t h i s ,  dur ing  t h e i r  s t a y  on t h e  moon, c a r e f u l  



TABLE 98 

EXPERIMENTS IN APPROACH AND DOCKING OF GEMINI SPACE- 
CRAFT WITH TARGETS I N  ORBIT AND QUALITY OF PERFORMANCE 
OF THEM -- - 

c.;: 
ii ' T ( ~ p a c e c r a f t  Target ' Tasks and performance quality 
1 
e .~ 

B 

monituiinq of the metabolic indices was carried out, on the basis of 
ani*ysis of pulse rata, oxygen consumption and differences in the 
wL;er temperature at the inlet and outlet of the water-cooling system 
;Berry, 1970). The last two methods proved to be the most precise 
for. the evaluations. They not only gave similar results, but they 
were a good reflection of the physical activity of the astronauts, 
recorded by telemetry. 

2nd stage of Gemini Task: Approach rocket. Experiment failed: 
Titan I1 

It 1 astronaut controlling satellite erred launch vehicle in visual estimation of distance, sometimes 
fivefold. 

REP apparatus Task: Approach to distance of 10 km, approach 

On the average, the energy consumption of the Apollo 11 crew 
meubers varied from 226 to 300 kcal/hour, reachincj maximum values 

Previously " 6 
launched 
Gemini 7 I 
satellite 

2nd stage of " 7 
Titan I1 
launch vehiclq 

Agena-D rockeq " 8 

target to distance of 30 m. Experiment not 
performed, because of breakdown of fuel cells. 
Task: Approach of satellites. Experiment 
per-formed. As a result of 9 maneuvers of 
crazt, Gemini 6 approached Gemini 7 at a 
djstance of 36 m. Group flight continued 
5-1/2 hrs; the distance between them was from 
1 to 30 m, in this case. 
Task: Approach rocket immediately after 
separation of satellite. Experiments per- 
formed. Flight took place with 2nd stage 
at distance of 15-18 m. 
Task: Approach and docking. Experiment 
performed. 9 maneuvers carried out; approach 

/ to 45 m, then docking. 
ATDA apparatus " 9 

E,gena.-D rockeQ " 10 

same " 11 
I1 I " 12 

i 

- -. 1 
-. - 

Task: Approach and docking. Experiment not 
performed. Docking failed because of failure 
of equipment. 
Task: Docking with rocket and, after this, 
change to pew orbit. Experiment performed. 

same 
Task: Approach and docking. Experiment 
performed. Onboard radar failed here. Approach 
and docking (twice) was performed manually. 
Astronauts controlled satellite in turn. 

. . . . .- - . - . . .. .. . 



(over 600 kcal/hour) at individual moments. The subsequent EVA of 
the Apollo 12, Apollo 14 and Apollo 16 astronauts were accompanied 
by an ever-increasing amount of research, stay time on the surface 
of the moon, and weight of lunar rock collected by the astronauts. 
Despite this, White, Berry, et al., (1971) noted tha: the energy 
consumption connected with the lunar EVA decreased. Thus, the energy 
consumpti>n of astronaut A. Shepard was 210 kcal/hour and that of 
E. Mitchell, 220 kcal/hour. They explained this by the proper plan- 
ning of work on the moon and training of the astronauts. The results 
of the Apollo 15 flight should be dwelt on particularly (Berry, 1971; 
J. Tiziou, 1971, and others). Just at the time of this flight, the 
specialists noted a slowing down of readaptation to earth conditions, 
because of overfatigue of the astronauts. As was pointed out above, 
interruptions of the cardiac rhythms of the astronauts D. Scott and 
J. Irwin and symptoms of motionsickness (of J. Irwin) were observed 
in flight. In the opinion of Berry, these symptoms were connected 
with overfatigue, because of the great workload. The author con- 
cludes that it is necessary to introduce certain changes in the work 
schedule of subsequent space flights (cited by Buldan, 1971). 

The high performance ability of the astronauts was displayed most 
completely, during the dramatic flight of Apollo 13, when, on the 
way tothemoon, an accident happened, an oxygen tank blew up. The 
astronauts had to use the quite limited oxygen supply of the lunar 
module, struggle with accumulation of excess carbon dioxide in the 
air and experience longitudinal and lateral vibrations, apparently 
because of escape of gas from the craft (Lomonaco, 1970). These 
vibrations, combined with weightlessness, promoted activation of the 
vestibular reactions, which impaired the psychophysiological con- 
dition of the astronauts. They felt severe fatigue by the 134th 
hour. (and they had to take Dexedrine tablets, a stimulant). Despite 
this, they clearly performed the entire volume of operations specified 
in landing. 

The performance capacity of the astronauts also was estimated/420 - 
by the quality of perfcrmance of proportioned physical workloads 
before and after a flight. The bicycle ergometer was used for this, 
in the majority of cases; it can fix a constant workload, which 
gradually increased, until the pulse rate reached 120, 140, 160 and 
180 per min. Beside the pulse, data on oxygen consumption, C02 
formation, minute volume, arterial pressure and rate of respiratory 
processes were used as tolerance indices (tletlein, 1970; White, 
Berry, et al,. 1971). As it turned out, after iong space flights in 
the Gemini craft, the performance capacity of the crew deteriorated 
somewhat. The same relationship was found in examination of the 
Apollo crew members. Thus, at a heart ra.te of 120 beats per minute, 
during the bicycle ergometer studies of the astronauts of Apollo 7 ,  
Apollo 8 and Apollo 9, the amount of oxygen consumed decreased in 
8 of 9 mn. The extent of change was less at high heart rates. 



Apo? 10 7 T Apollo 8 Apol10 3 

Fig. 130. Change in oxygsn consumption level of some 
astronauts in Apollo program, at pulse rate of 120 beats 
per minute during postflight examinations (in % of pre- 
flight data): 1, results of examination immediately 
after flight; 2, results of examination a day after flight; 
3, range of change in preflight examinations 

Pulse r a te ,  
beat/mln 

Fig. 131. Oxygen 
consumption during 
period of work on 
bicycle ergometer 
of Apollo 10 crew 
members at pulse 
rates of 120, 140 
and 160 beats per 

i 
minute (in % of 
prelight data) : 
designations same 
as in Fig. 130. 

> 

The results of examination of the Apollo 7- 
Apollo 10 crew members are presented in 
Figs. 130 and 131. Usually, but not in 
911 cases, recovery of the preflight 
values took place over a period of 36 hours 
of reaction, on the average (Johnson, 
1971; Berry, 1971, and others). As was 
pointed out above, the results of examina- 
tion cf the.Apolla 15 astronauts is an 
excestion. Their recovery of performance 
capacity, at various levels of propor- 
tioned workloads, took place considerably/421 
later than the 50-hour period, which was 
required for this purpose, for example, 
by the Apollo 14 crew members. According 
to the data of Soviet investigators (A. V. 
Yeremin, et al., 1970; A. S. Barer, et 
al., 1972), the energy consumption of a 
man in changed (reduced) gravity also 
decreases. This was convincingly demon- 
strated, ;-n a series of experiments 
simulating these conditions. 

Prophylaxis of Unfavorable Effects 
of Space Flight 

In carrying out the Gemini and 
Apollo space programs, specific attention 
was also given to these questions. Work 



continued on f u r t h e r  improvement of  t h e  atmosphere i n  which t h e  
a s t r o n a u t s  found themselves,  n u t r i t i o n  systems, work and rest 
schedules ,  etc. Thus, t h e  use  of  a  two-gas b r e a t h i n g  mixture  
(oxygen and n i t r o g e n ) ,  wi th  a  small n i t r o g e n  con ten t ,  i n  t h e  Apollo 
s p a c e c r a f t ,  cons iderably  a t t e n u a t e d  t h e  dec rease  i n  e r y t h r o c y t e  
mass, p rev ious ly  noted i n  Gemini. I n c l u s i o n  of  calcium-containing 
subs tances  i n  t h e  food r a t i o n  promoted improvement o f  t h e  minera l  
nletabolism of  t h e  a s t r o n a u t s  on t h e  whole (Berry, 1969, 1970, 1971; 
D i e t l e i n ,  1970, and o t h e r s ) .  

A f avorab le  r e s u l t  was ob ta ined  by i n c l u d i n g  potassium i n  t h e  
food r a t i o n  of t h e  Apollo 16 and Apollo 1 7  a s t r o n a u t s ,  i n  p r e v e ~ t i o n  
o f  arhythmia o f  t h e  h e a r t .  These measures, d i r e c t e d  towards reduc t ion  
o f  t h e  harmful e f f e c t  of  f l i g h t ,  improved, ~ o t  on ly  t h e  i n d i v i z u a l  
i n d i c e s ,  b u t  t h e  o v e r a l l  s t a t e  of h e a l t h  and performance c a p a c i t y  of  
t h e  a s t r o n a u t s .  

Organiza t ion  of t h e  work, rest and s l e e p  schedule  of t h e  a s t r o -  
n a u t s  was of  g r e a t  importance i n  medical s u p p o r t  o f  t h e  Gemini 
and Apo!lo program of  f l i g h t s  (Berry, 1969, 1970, 1 g 7 1 ;  D i e t l e i n ,  
1970; Aschoff,  1971, and o t h e r s ) .  A s  i s  w e l l  known, t h e  normal work- 
day is adapted t o  a  24 hour cycle :  8 hours  of  work, 8 hours of  rest, 
8 hoursof s l e e p .  I t  has  been proved t h a t  t h i s  r a t i o  i s  q u i t e  s t a b l e  
and is preserved under va r ious  space  f l i g h t  cond i t ions .  Foreign 
i n v e s t i g a t o r s  (Berry, 1967, 1971; St rughold ,  1969; Aschoff,  1971, and 
o t h e r s ) ,  i n  o rgan iz ing  t h e  work and rest of  t h e  a s t r o n a u t s  f o r  each 
f l i g h t ,  a r e  a t tempt ing  t o  make more complete allowance f o r  t h i s  
r e g u l a r i t y  and t o  a t t a i n  t h e  h i g h e s t  l e v e l  of performance. While t h i s  
ques t ion  was given a l i t t l e  a t t e ~ t i o n  i n  t h e  f i r s t  f l i g h t s ,  by t h e  
f l i g h t  of Gemini 7,  t h e  o r d e r  of t h e  day was such, t h a t  t h e  a s t r o -  
n a u t s  could  s l e e p  dur ing  hours ,  corresponding t o  n i g h t t i . , @  on rhe 
e a r t h .  Se r ious  a t t e n t i o n  a l s o  i s  given t o  t h e  optimum a l t e r n a t i o n  of 
work and rest p e r i o d s  of t h e  a s t r o n a u t s ,  e s p e c i a l l y  dur ing  work i n  
space. An i n c r e a s e  i n  number of  a s t r o n a u t s  i n  t h e  Apollo s p a c e c r a f t  
and t h e  d e s i r e  t o  c o n t i c u a l l y  have one waking t ime f o r  t h e  a s t r o n a u t s  
i n  them, l e d  t o  t h e  s i t u a t i o n  t h a t  t h e  work-rest-s leep c y c l e  i n  t h e  
f l i c jh t  of Apollo 7 was almost  unregula ted ,  and t h e  o r d e r  of  day o f  
t h e  Apollo 8 crew was f a r  from p r e f e c t i o n .  The a s t r o n a u t s  interfered 
wi th  each o t h e r ,  both ir. performing work and i n  g e t t i n g  ready f o r  
s l e e p .  Change i n  t h e  pe r iods  of  work and r e s t  was unregula ted ,  and 
it d i f f e r e d  s i g n i f i c a n t l y  from t h e  p r e f l i g h t  schedule.  The crew 
members r epor ted  f e e l i n g  poor ly  i n  t h e  f i r s t  t h r e e  days of  t h e  
f l i g h t .  Some a s t r o n a u t s  s l e p t  dur ing  watches and o t h e r s  had t o  t a k e  
s t i m u l a n t  t a b l e t s .  The idea  of a  continuous watch had t o  be  1422 
r e j e c t e d  and, beginning wi th  t h e  f l i g h t  of Apollo 9 ,  a l l  t h e  a s t r o -  
n a u t s  worked and s l e p t  a t  t h e  same t i m e  (Fig.  132) .  As a r e e u l t ,  
t h e  r e s t  pe r iods  became c l o s e r  t o  e a r t h  c o n d i t i o n s ,  complaints  de- 
c reased and performance c a p a c i t y  inc reased .  



Time of day, hours - 
--i Ej 
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F ig .  132. S l e e p  schedu le  
o f  Apc l lo  8 and Apol lo  11 
crew members : arr'ow, 
b e d t i m e  a t  Cape Kennedy; 
1, s l e e p i n g  ; i m e  o f  space-  
c r a f t  commander (SC) ; 
2 ,  s l e e p i n g  time o f  
command- module p i l o t  (CMP 
3 ,  s l e e p i n g  t i m e  o f  l u n a r  
modular p i l o t  (LMP) ; 
4 ,  t i m e  o f  j o i n t  s l e e p  of 
CMP and LMP i n  Apol lo  8 
and e n t i r e  crew i n  
Apol lo  11 

Thia  view was h e l d  by c e r t a i n  S o v i e t  
i n v e s t i g a t o r s  (V. A. Bodrov, A. Y e .  
Muzalevskiy,  1972, and  o t h e r s )  . The g r e a t  
p h y s i o l o g i c a l  advantage  o f  t h e  "comtinedn 
s c h e d u l e ,  by which t h e  crew members s l e e p  
8 h o u r s  c o n t i n u o u s l y ,  d u r i n g  a p e r i o d  
co r r e spond ing  t o  n i g h t t i m e  on  e a r t h ,  was 
proved i n  l a b o r a t o r y  expe r imen t s .  O f  
c o u r s e ,  such  a s o l u t i o n  o f  t h e  problem 
o b v i o u s l y  canno t  b e  c o n s i d e r e d  t o  b e  
c o n c l u s i v e .  It becomes p a r t i c u l a r l y  i n -  
competent ,  i f  t h e  p o s s i b i l i t y  o f  emergence 
o f  a n  emergency s i t u a t i o n  d u r i n g  t h e  s l e e p -  
i n g  p e r i o d  o f  t h e  a s t r o n a u t s  is p r e s e n t e d ,  
when c l e a r  and r a p i d  a c t i o n s  a r e  r e q u i r e d  
o f  t h e  crew members. Seminara a n d s h a v e l s o n  
(1969) ,  a t t empted  t o  e v a l u a t e  t h e  per -  
formance c a p a c i t y  of a s p a c e c r a f t  crew 
a f t e r  sudden waking, i n  l a b o r a t o r y  tests. 
A s  a r e s u l t ,  t hey  de te rmined  t h a t  t h e  less 
t i m e  was s p e n t  on performance o f  a t a s k ,  
L l x  more d i s t i n c t l y  t h e  e f f e c t  o f  s l e e p i -  
n e s s  showed up i n  it. For  example,  i n  
t u r n i n g  on t h e  a l a rm s i g n a l  b u t t o n ,  i .e . ,  
i n  a v e r y  b r i e f  a c t i o n ,  360% more t i m e  
was used a f t e r  s l e e p i n g  t h a n  under  waking 
c o n d i t i o n s ;  t h e  t i m e  i n c r e a s e d  by o n l y  
12.6% i n  a l o n g e r  o p e r a t i o n ,  p u t t i n g  on 
t h e  c l o t h e s .  

I n  an  a n a l y s i s  o f  t h e  American pro- 
grams, it is e v i d e n t  t h a t  t h e  i n v e s t i g a t o r s  
s t i l l  have n o t  f i n a l l y  s o l v e d  t h e  problem 
o f  work, s l e e p  and rest, d u r i n g  t h e  p e r i o d  
o f  work on t h e  moon. The l u n a r  module is  
t o o  n o i s y ,  and t h e  c l i m a t e  i n s i d e  t h e  
s p a c e s u i t  is f a r  from optimum. The 

Apol lo  1 4  and Apol lo  16 crew members complained o f  poor  rest  i n  t h e  
l u n a r  module (Berry,  1971) .  Fmerican i n v e s t i g a t o r s  c o n s i d e r  t h a t  
f u r t h e r  work must b e  c a r r i e d  o u t  t o  improve t h e  l i v i n g  c o n d i t i o n s  o f  
t h e  a s t r o n a u t s ,  based  on 12 hour s  f o r  work, 8 h o u r s  f o r  s l e e p  and 
4 h o u r s  f o r  rest. 

For  p r o p h y l a x i s  o f  c a r d i o v a s c u l a r  d i s o r d e r s  i n  f l i g h t ,  s p s c i a l  /423 
pneumatic c u f f s ,  which a r e  p u t  on t h e  t h i g h s  o f  t h e  a s t r o n a u t s ,  and 
an au toma t i c  d e v i c e ,  p r o v i d i n g  f o r  p e r i o d i c  blowing up of t h e  c u f f ,  
t o  a p r e s s u r e  80 n,m Hg i n  2 rnin, a t  4 min i n t e r v a l s ,  have been t e s t e d .  
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Although this experiment, which was planned for the Gemini 5, 
Gemini 6 and Gemini 7 flights, was not completely performed in a 
single flight (because of technical failures), the American specialists 
rated the prophylactic importance of the cuff as low. In their 
opinion, they did not have a significant effect on blood circulation. 
In the opinion of many apecialists, the most effective method of 
prophylaxis of the unfavorab1.e reactions may be the building of 
spacecraft with artificiil gravitation (Ye. M. Yuganov, et al., 1967, 
1971; A. M. Genin, 1969; Gualtierotti, 1969; Green, et al., 1970; 
Nieto, 1970; Grohmann, 1971; Lange, et al., 1971; Young, 1971, and 
others). 

TABLE 99 

PMFLIGHT AND POSTFLIGHT DATA OF EXAMINATION OF APOLLO i4 
CREW MEMBERS 

E f f e c t  
' C ~ % R ~ ~ e s S  / s t a y  under 116 g 
! - . _ . .ness_ -__-_ . - _ _. . -. ._ 

I 
I CMP 1 SC 1 LMP 

Weight loss, k I -- 5 , 4  1 i . 0 . 4 5  - 0 , G  
Decrease in or?host.atic ! I 

tolerance S i g n i f i c a n t  Minimal ' Minimal 

Very interesting raterials were obtained in carrying out the 
Gemini and Apollo flight programs. First and foremost, by conductincj 

p the experiment which included connecting the Gemini spacecraft to the 
Agena-D rocket by a single cable, the possibility of creating an 
artificial force of gravity in such an apparatus was demonstrated. 
Additional and very important information was successfully obtained 
in the Apollo program flights, when the crew members experienced 
partial weight on the surface of the moon. In each flight, it was 
possible to compare the extent of the effect of this factor on the 
course of the psychophysiological reactions caused by the state of 
weightlessness. A tendency was revealed towards more moderate 
changes in persons experiencing the effect of lunar gravity, than in 
persons experiencing weightlessness all the time (Berry, 1970, 1971). 

: The results of e~amir~ation of the Apollo 14 crew can be presented as 
$ an illustration (Table 99). The results of the flight of Apollo 15 

Changes, %: I 
Erythrocyte mass I - 0 4 i -..a) I Plasma volume lo I ' unchanged 
Total water volume In 
Intracel l u l a r  f l u i d  - 27 

Performance capaclty 
(o gen consumption, 

2 i - '> 
- . ,$  I 

i - . I  

a y ~ o l ~ c  arterral , S i g n i f i c a n t :  Unchanged Small 
pressure) reduct ion ; reductior. 



were an exception (Berry, 1971). A greater decrease in performance 
capacity was noted in the two crew members working on the moon t.han 
in the command module pilot, possibly as a result of overfatigue, 
caused by the great amount of work. 

The problem of artificial weight is closely connected with (424  
prophylaxis of motionsickness. Graybiel (1971) writes that, if 
artificial weight is repzoduced by mears of rotation of an individual 
part of the spacecraft, the rapid transition of man between the ro- 
tating and nonrotating parts is obviously a basis for development of 
serious problems of a vestibular nature. In simulation of these 
conditions, the author noted ways to overcome them: optimum training 
exercises and medicinal therapy. 

The work of Gualtierotti (1969) deserves particular attention. 
The author maintains the firm opinion of the necessity of creating 
artificial gravity in long flights. Having noted that it c:an be 
obtained by r o t a t i n g  the spacecraft, he pointed out the undesirable 
side of things, the development of motionsickness, as a consequence 
of the effect of Coriolis acceleration. In his opinion, another way 
can be considered, the use of nonspecific stimulation of the static 
receptors of the inner ear. In tests on frogs, he studied the effect 
of vibrations on the static receptors. As a result, G~altierotti 
concluded that vibr~tions at a constant rate and constant direction 
caused effects similar in their basis to problems observed with the 
effects of linear accelerations. 

In this manner, the American investigators have determined that, 
as a result of the effect of space flight on the human body, a moderate 
reduction in bcdy weight, deconditioning of the cardiovascular system 
manifested by a decrease in orthostatic tolerance and a number of 
other changes, a decrease in bone tissue density, small losses of 
calcium, iron, nitrogen and other elements by the muscles, some 
eecrease in erythrocyte mass, a negligible reduction in performance 
capacity, greater energy consumption while working in space and 
moderate ones under lunar surface conditions and the development of 
motionsicktless in weightlessness are noted. 

Berry (1969, 1970, 1971) considers these changes to be separate 
links in the process of adaptation of the body to the stress fzctors 
of space flight (Diagrams 11 and 12). 

As f~llows from this hypothesis, the ixrmediate reaction of the/425 
body in the transition to the weightless conditions is redistribution 
of the total mass of circulating blood. An increase in blood filling 
of the right auricle is accompanied by a reaction, directed towards 
decrease ;-n the an~ount of circulating fluid in the body, by means of 
increased diuresis. This process is regulated by reduction in the 
antidiuretic hormone level and production of aldosterone, In this 
case, elimination of water, sodium, potassium from the body by the 
kidneys and a decrease in body weight are observed. The accompanying 
decrease in plasma volume leads to recovery of the initial aldosterone 



Change t o  weight-less conditions. Reaction of body di rec ted  towards decreare 
Redistribution of  volume of circu- - i n  volume. Antidiuret ic  hormone level  
l a t i n g  blood decreases and formation of ald06tenne is  

reduced 

Losses of water, sodium, p6tassium Decrease i n  plasma volume. 1ncroa.se i n  
(decrease i n  body weight) -+ aldosterone production 

4- I 

Increase in  sodium retention. In t race l lu lar  exchange of potassium and 
Elimination of potassium continues. j hydrogen ions. Bone t i s sue  density, rusc le  
Cellular  acidosis  and a lka los is  mass, muscle c e l l  potassium content decrease 
of ext racel lu lar  f l u i d  develop 

1 

7- I 
Respiratory and kidney compen- Stabi l iza t ion  of new volume of c i rcula t ing  
sat ion.  S tabi l iza t ion  of body -)blood and water-salt and e lec t ro ly te  
weight balances 

Diagram 11: Diagram of process of adaptation of the body to 
weightlessness (from Berry) 

Redistribution 02 tot.; ci rcula t ing  blood volume - -- -- -- . . 

Stvess phase ,~ec&ase i n  Decrease ~ D H  (Gauer- 
I aldosterone Henry ref lex)  
Lcon ten t  

:-> ~iwesik-- - -. 
e n e r a l  G r  Losses through 

1 
~ e c r a s  An plasma volume rlosr of kidneys I 

Adaptation ( Tendency towards ! Decrease i n  erythrocyte 
phase I increase i n  ~ e l l u l d r  exchange mass, as a resu l t  of hyper- 

I aldosterone and of H iqns  for  K cqia I ADH secret ion ions I 

---- v 
. . - - - -. ---- 

I v 
creasf ip plasft Decrease i n  bone-muscle !?g2 con en  esu - 

reabsorpt ion from mss 
of ~ a +  in hyperventilation I 

kidneys ,i J I 
I * 

Adapted r s t o p  % water New introce$lular Decr*case Decondi tioning 
phase 1 loss  f lu id  and electro-  i n  per- of cardiovascular 

1 Weight s tabi -  l y t e  balances formance system. New ioad 
l i za t ion  capeci t y  on cardiovascular 

system 

Diagram 12: Phases of process of adaptation of body to weightlessness 
(from Berry) 
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i- 
i L  
; l e v e l .  Disrupt ion  of  t h e  w a t e r - s a l t  ba lance  sets i n  i n  t h e  body, 

a g a i n s t  t h e  background o f  which, r e t e n t i o n  of  sodium is  observed and 
e l i m i n a t i o n  of  potassium cont inues .  Losses of - ? t r a c e l l u l a r  f l u i d  

3'., and e l i m i n a t i o n  of potassium from t h e  body cause  c e l l u l a r  a c i d o s i ~ ,  
L' ' w i t h  a  weak (compensatory) hypocalcemic a l k a l o s i s  o f  t h e  e x t r a -  
C 
C; 1 . c e l l u l a r  f l u i d .  
$ 

I t  is  s~..pposed t h a t  t h e  r e a c t i o n  of t h e  body t o  r educ t ion  i n  
f. t o t a l  potassium con ten t  is manifes ted  by removal o f  potassium from 
1 t h e  cells,  and e n t r y  of hydrogen i o n s  i n t o  them. The potassium 
t d e f i c i e n c y  is connected w i t h  t h e  dec rease  i n  bone t i s s u s  d e n s i t y  and 

h muscle mass. Poss ib ly ,  dec rease  o f  potassium c o n t e n t  i n  t h e  cells 

and a  tendency towards arhythmia. 
of  t h e  c a r d i a c  muecle is accompanied by an i n c r c a s e  :i? i t s  

I n  t h e  lasi: phase o f  a d a p t a t i o n ,  t h e  hyperac id i t* ,  "*t t h e  cells 
s t i m u l a t e s  t h e  a c t i v i t y  of  t h e  r e s p i r a t o r y  system, a! . r e s u l t  of  
which t h e  carbon dioxidc: c o n t e n t  of  t h e  plasma is del . ied by 
i n c r e a s i n g  pulmonary v e n t i l a t i o n .  Kidney c o m p e n s a t l ~  i ? i n s  a t  t h e  

:,I 
moment when potassium reabsorp t ion  t a k e s  p l a c e  i n  t h e  . .~uney t u b u l e s ,  
A t  j u s t  t h i s  moment, the body weight  s t a b i l i z e s .  Th i s  p a r t  of  t h e  
complex process  of a d a p t a t i o n  o f  t h e  body is  completed. The new 
s t a t e  o f  equ i l ib r ium e c t a b l i s h e s  t h e  optimum t o t a l  volume o f  cir- 
c u l a t i n g  blood o r  a  "new load"  on t h e  c a r d i o v a s c u l a r  systwn, and a  
new l e v e l  of t h e  e l e c t r o l y t e  and w a t e r - s a l t  balances.  

The au thor  of  t h e  hypothes is  (Berry)  c o n s i d e r s  it t o  be f a r  
from completed. I n  h i s  opin ion,  it w i l l  be supplemented and improved. 
The hypothes is  makes it p o s s i b l e  t o  fo l low t h e  course  of t h e  changes 
t a k i n g  p lace  i n  t h e  human body, under t h e  i n f l u e n c e  of unf ixorab le  
environmental f a c t o r s ,  i n  tCt1 pe r iod  of surmounting which, t h e  
c a p a b i l i t i e s  of t h e  body a r e  n o t  exceeded. 

Berry (1971) t h i n k s  t h a t  t h e r e  i s  now a  b a s i s  f o r  c a r r y i n g  o u t  
f l i g h t s  uf long dura t ion .  Fnr t h i s  purpose, f l i g h t s  of t h e  Skylab 
o r b i t a l  s t a t i o n  (0s) l a s t i n g  2 8 ,  56 and 84  days,  were c a r r i e d  o u t  i n  
t h e  USA i n  1973. S c i e n t i s t s  o f  t h e  USA conducted very  i n t e r e s t i n g  
s t u d i e s  dur ing  t h e s e  f l i g h t s .  

As is  e v i d e n t ,  t h e  p r i n c i p a l  a t t e n t i o n  of i n v e s t i g a t o r s  w i l l  be 
g iven,  a s  be fo re ,  t o  those  systems and f u n c t i o n s  of t h e  human body 
which a r e  s u b j e c t  most of a l l  t o  changes under we igh t l ees  cond i t ions .  

Study of  t h e  fo l lowing medical problsms a r e  planned i n  t h e  Skylab 
program (DiagraKi 13)  . 

A t  t h e  p r e s e n t  t i m e ,  w e  a r e  wi tnesses  of p a r t i a l  completion of  
t h e  Skylab program. Three crews have c ~ z p i e t e d  s s a c e  experiments .  
The f i r s t  crew, c o n s i s t i n g  of C. Conrad ( s p a c e c r a f t  commander), J. 
Kerwin (physic ian-as t ronaut )  and P. Weitz ( p i l o t - a s t r o n a u t ) ,  s p e n t  
28 days i n  space f l i g h t ,  ir .  t h e  pe r iod  from 25 May tc  2 2  June 1373. 
The d u r a t i o n  of  t h e  second experiment,  i n  which A .  Bean ( s p a c e c r a f t  
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commander), 0. Garriott (scientist-astronaut) and J, Lousma (pilot- 
astronaut) participated, was more significant, 59 days (frorn 
28 July to 25 September 1973). The longest flight duration war that 
of the third crew, more than 84 days. The spacecraft commander war; 
G. Carr and the crew members, W. Pogue (pilot-astronaut) and F .  Gibson 
(scientist-astronaut) . 

c y t w  m e t i c  study of blood; 

The scientific xesults of the experiments have not yet been 
published. However, by analysis of the materials published in the 
periodical literature, it is evident that the astronauts completed 
the flight program, on the whole. The first crew of Skylab quickly 
adapted to weightlessness and earth gravity. C. Conrad explained 
the rapid adaptation to weightlessness by sa.tisfactory living 
conditions and regular and prolonsed physical exercises on the 
bicycle ergometer. In the opinion of C. Conrad, the first 6-7 days 
were the most difficult, because of the saturated nature of the 
program of experiments. The spacecraft commander emphasized the 
inlporta.nce of the experience he had received durinq the preceding 
space flights in Gemini 5 ,  Gemini 11 and Apollo 12. Xeighing of the 
astronauts imediately after the flight showed thbt the weight of 

I 

I 

I 
I 

I 1 
---- ----. 
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; level ;  study of circadian biological - ri~ythms - - - . . - of - .. - . pocket .. mice - - and f r u i t  f l i e s  I 
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C. Conrad decreased by 1.7 kg, of J. Kerwin by 2.9 kg and cf P. 
Weitz, by 3.7 kg. The size of their calf muscles decreased by 2.5 cm 
oc the average. The results of the first expeditio.1 also indicate [427 
high performance capability of the astronauts in flight, which they 
retained for the entire duration of the experiment. In particular, 
the amount of repair work which they performed on the craft, to 
eliminate a defect revealed after launch, as a result of jamming of 
the solar battery panels by aluminum fragments, is evidence of this. 

The results of the second experiment turned out to be approxi- 
mately the same as those of the first. True, one singularity was 
revealed. All the crew members experienced motionsbckness, caused 
by the effect of weightlessness, in the first five days of the flight. 
The expression of rrotionsickness was considerable, as a result of 
which, performance of scientific research and experiments was delayed. 
However .he astronauts soon began to adapt to the flight conditions. 
The heaith of the astronauts was good during the entire flight. In 
a space interview, A. Bean stated: "We feel just as well as the first 
crew, perhaps even better, since we took its advice. We feel wonderful, 
we eet with a good appetite, sleep well and are happy." That this was 
so, is confirmed by their appeal to the flight director, with a 
request to increase the length of this experiment by another 10 days. 

Roy Hawkins, the medicai director of the flight, confirmed /428 
that the astronauts "Are in outstanding shape," and he explained this 
by the fact that the duration of their physical exercises had been 
approximately tripled over that of their predecessors. The astro- 
nauts also carried out experiments on live organisms in the state of 
prolonged weightlessness, nice, mosquitoes, spiders, fish, and they 
obtained valuable material. 

The astronauts of the third crew successfully conducted medical 
studies, studied the natural resources of earth and performed technical 
experiments of astronomical observations during the 84-day orbital 
flight. 

All three astronauts experienced a slight headache, as well as 
"heaviness of the head, a ~ensatioh as though we were suspended legs 
up," in the first days of the flight. 

Astronaut W. Pogue felt more poorly than the reaaining crew 
members; he was nauseated; therefore, he could not perform his part 
of the work in full measure. 

The symptoms of illness of all three crew members stopped after 
three days, they felt good, could perform various operations, both 
in the craft and during extravehicular activity. 

According to the statements of the medical directors, the 
astronauts of the third crew felt quite well after the flight, despite 
such a long flight. 



At the present time, the medical data obtained are being 
processed and analyzed. 

It should be emphasized in conclusion that the Skylab program 
flights produced additional data, which will refine and extend our 
conceptions of the effect of weightlessness on the human body. 
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